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EXECUTIVE SUMMARY

The Agquaspace project is focusing on how to allocate space for aquaculture in a way that is
socially and environmentally sustainable. Politgnagement issues have been investigated, and
tools for aquacultural area management and marine spatial planning have been applied, in 17 Case
Studies in Europe, North America, China, and Australd$is. report describes these case studies,
which embrae a variety of: species; cultivation methods; industry developments; sectoral clashes;
and natural conditions.

vii
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1. INTRODUCTION

One of the challenges of the 21st century is that of satisfying human demand for protein. Some of
this will be met by increasedamine farming of firfish, shellfish, and seaweed (Duarte et al., 2009). If
it is to be sustainable, such expansion requires improved understanding of aquaeutiirenment
interactions. Furthermore, it requires increased use of public coastal spaagdaculture, which

puts it into conflict with other societal demands for use of that space.

The Aquaspace project is focusing on how to allocate space for aquaculture in a way that is socially

and environmentally sustainable. The project has describedaaatysed policynanagement issues

FOGAY3a +ta O2yadNIXAyda F3AFAyad dziAfAaaldAizy 27F I+ RF
has reviewed and developed tools for aquacultural area management and marine spatial planning

(Gimpel et al. 2016).HE context for this work has been a variety of case studies, representing the

various stages of development and natural conditions that exist in Europe and the world. This report
describes these case studies and their findings.

The Aquaspace project gmally had 16 case studies in Europe, the USA, Canada, Australia, and
China (Figure 1). Subsequently, a New Zealand study was added a¥ taesé Btudy.

(@ Finfish

@ Shellfish

@ Finfish & shellfish

@ Seaweed & shellfish| *

d

Figure 1 Case studies of the Aquaspace project, geographical location and type of studigd dinto
finfish, shellfish, seaweed and combinations. A New Zealand case study focusing on shellfish was
recently added.

Each of the 17 cases summarised in Table 1 explored different concepts of aquaculture in different
environments, ranging from trapal to temperate. One case is in freshwater in a landlocked state
(Hungary) whereas the remaining 16 are highly diverse examples of marine cases, with finfish,
shellfish, seaweed and different combinations of these.
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In the majority of cases, aquacultuieoperational and ranges from large scale industry to small
scale local farming. Some cases describe plans for developing commercial aquaculture from an
existing experimental scale.

Conflicts with other users of the coastal zone emerge as a majorrfirciiting aquaculture

development. These uses include (amongst others) tourism, nature protection, fisheries, energy
production, and transport. Although Maritime Coastal Planning within EU member states is beginning
to take place within the framework ofLEdirectives, the case studies reveal a great variety of
legislation applying to aquaculture at member state and-state levels, or within the nations

outside the EU that are collaborating in Aquaspace.

It has been hypothesized that ese of coastal wars by aquaculture and other sectors, notably

energy, could reduce the level of conflict, and thus allow more space for aquaculture. (Stelzenmdiller
et al. 2013). Some of the Spatial Planning tools applied or developed within Aquaspace are intended
to aidco-use. These tools, and others, have been evaluated in selected Case Studies, as is reported
here. A cross evaluation and synthesis of the cases will be reported separately, from Work Package 5
of the Aquaspace project.

Table 1.Case studies of the Agapace project, showing scale, environment type, species cultivated,
culture system and key issue(s). Scale R=region, B = bay, C = country, S= regional Sea, Environment:
C= coastal, | = inland, O = offshore

> —
E g d
|2 5 = %
3 5|58 29 >
o Q [ > jum Q
o 0|y O o X
Adreatic Sea, Italy | R | C | shellfish | bottom, proximity to protected area
suspended conflicts with tourism, fisheries
Algarve Coast, R |C, | warm cages, ponds,| co-use, optimising space
Portugal O | finfish, suspended allocation, digase connectivity
shellfish | bottom
Basque County, R | C, | shellfish | suspended making space and changing
Spain @) culture for aquaculture
Békés County, R |1 FW fish ponds, proximity to bird reserves, clean
Hungary tanks water availability
Carlingford Lough, | B | C | shelfish trestles, complex governance, ease.
UK bottom
Great Bay B, | C | shellfish | trestles, legal constraints and use conflic
Pisccataqua and R bottom
Long Island Sound,
USA
Houtman Abrolhos | R C, | shellfish suspended, conservation area, cose,
Islands, Australia O | finfish cages potential for disease spread
Mediterranean Sea| S C, | warm cages co-use with other industries,
Multiple EEZ O | finfish complex governance
Normandy and R | C | shellfish | cages, multiple conflictinguses, comple
Cancale, France bottom, governance
suspended
North Sea, Germgy | R C, | shellfish, | bottom co-use with other industry,
O | finfish cages increase of production level,
complex governance
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Norwegian Coast, | R, | C, | cold cages sea lice connectivity, space
Norway C | O | finfish availaility, couse
Nova Scotia Bays, | B C |cold cages enhancing social licence
Canada finfish user/fisheries conflicts
Zhangzidao Island | R, | C, | seaweed, | suspended competition for space with other
and Sangou Bay | C, | O | shellfish industry; increased qpduction
China B
Argyll and Bute, R, |C, |cold cages, community opposition, space
Scotland, UK C | O |finfish suspended availability, landscape/seascape

impacts, sea lice connectivity;
increased production
Pelorus Sound, R | C | shellfish | suspended Variable production/yield,

Marlborough, New
Zealand

As far as possible, all Case Study descriptions follow the same format:
- Characteristics of the study region and its aquaculture
- Spatial planning and management issues

- Tools used

- Stakeholder engagement

- Case study rests
- Relevance of the case study within Aquaspace
- Conclusions and prospects
- References cited in the account of the study

- Annexes with summarized information in tables.
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2. ADRIATIC SEA, TALY

Roberto Pastres and Diate Brigolin

2.1. General characteristics

Shellfish culture is an important activity along the whole Adriatic and lonian Italian coasts. The
two main products are: i) Manila clafTapes philippinarumyhich is farmed in the Northern
Adriatic lagoons, such as the Lagoon of Marano, Venice, Goro and Scardovari, and ii) Mediterranean
mussel Mytilus galloprovincialis which is farmed mainly offshore ¢dong-lines from the Gulf of
Trieste, in the North, to the Gulf of Taranto. In Aquaspace, we focused on investigating how the
implementation of MSP could facilitate the expansion of offshore mussel culture in the region, with a
focus on the Emili&Romagnacoastal area, which at present, produces about 22,000 tonnes per yeatr,
representing about one third of Italian production.

The study area, shown Figure2.1, is located between 3 and 12nm from the shore, ranging
from a latitude of 44.84 north to 43.97 sth and a longitude of 12.24 west to 12.93 east, covering a
total surface of 1561 kin Compared to other areas in the Adriatic, primary production here is
enhanced by the nutrients delivered by the Po river: both satelliteiargitudata show a clear
Chbrophyll a gradient from North to South, as the nutrieithrPo waters are transported southward
by the Adriatic coastal current (s€égure2.1). The area is therefore, in general, suitable for shellfish
farming. The seabed is mainly sandy and muddyetoee, it hosts soft bottom benthic
communities, including wild shellfish, e@hamelea galinaand demersal fish, e.§olea soleavhich
are of commercial (fisheries) interest.

From the economic point view, the main sector in this coastal area istouthe seaside
towns of Rimini, Riccione, Cesenatico, Cattolica are all vernka@Nn holiday venues. However,
FAAKSNE YR FljdzZl Odzf GdzZNBE I NB adGAff AYLRNIFYyd FyR

2.2. Spatial planning and management issues

Shellfish cliure, mainlyMytilus galloprovincialign the coastal area anBuditapes philippinarum
in coastal lagoons, are well established activities in EfRibiamagna: the total annual production was
about 40000 tonnes in 2013, with 21,552 tonnes of mussel and48@®hnes of Manila clam.
However, research and pilot studies have demonstrated that the area would be suitable for
developing the culture of the European flat oys@strea edulignd the Pacific oysteCrassostrea
gigas Shellfish production in Emilia Ragna Region is nationally significant: in 2014 mussel
production in EmiliERomagna accounted for about one third of national mussel production, and
about 60% of clam productioRroducts are sold both locally and nationally. Suspended mussel
culture is caried out offshore in londines using socks of plastic material.

Overall, given the hydrodynamic features of the area and the predominantly sandy seabed,
the environmental impact due to phytoplankton depletion and enrichment of organic sediment is not
very relevant. The most severe impact is due to the accidental release of plastic socks, currently

11
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Figure. 2.1. Average Chlorophyll a concentration in the study area in the year-2016: the map is based
on daily data at 1km resolution from the Coperréddarine Service.

made of polypropylene, during storm events as they contribute to plastic réteg one of the
EU Marine Strategy Framework Directive descriptors.

Conflicts with tourism activities are limited, as mussel culture is already percasvad
traditional and environmentally friendly activity. Mussel culture can, however, interfere with

fisheries and navigation. There are Natura 2000 sites in the coastal area where shellfish culture is not
allowed.

We made an inventory of sea uses in trea, in order to identify constraints to the

expansion of mussel culture, in particular in the coastal zone between 3 and 12nm from the shore;
which led us to identify the following:

Presence of ports

Presence of biological conservation zones and N&Qf® areas
Mooringareas

Commercial and tourist marine traffic routes

Presence of Italian Navy installations

(e e e A e B e

12
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U0 Sand deposits
U Seabed mining areas
Underwater pipes

The results of this analysis were taken into account inaghy@icationof the "Bluefarm 2"
tool and are summarised in the maps presented in section 3.

The shellfish farming sector is characsed by high fragmentation, as most companies are
very small: in 2014, 29 companies were operating involving approximately 300 workers. Most of
them take cae of the harvesting and commerciation of the product, which is almost exclusively
sold fresh. As a result, operatdnave little influence on markeirices and usually their low
profitability margin makeg difficult for them to invest in innovatioras well as in insuring their
capital against potential threats, i.e. storm events.

Offshore mussel production in EmiRomagna started in the early 1980s and boomed in the
1990s: from about 2,400 tonnes in 1987 (3 farms) to 14,000 tonnes in 1997 (1<) f&imce then,
the production volume has steadily increaluntil 2012. In the last four years, it seems to have
reached a roughly constant level, fluctuating around 21,500 tonnes. Recently farmers started looking
for alternative species. Pacific oysteesns a good candidate for shellfish farming diversification,
based on the results of pilot studies, but, at present, its produdsamot yet ata commercial scale.

The stagnation of mussel farming production is probably due, on one hand, to the dacline
profitability of the activity, which is also now competing with ABb imports, and, on the other
hand to complex administrativarrangementsand environmental regulations, which limits the
attraction of new investmentin this regard, plastic waste gfosal is a financial burden which could
be avoided by adopting new materials. Pilot studies involving the implementation in the region of the
so-called Japanese lodmes are currently being undertakenhis technologyalready being used
successfully iNewZeeland, would require the lecation of some farmto deeper areas, moving
farmsfurther offshore. Diversification, i.e. oyster farming, is also beégged In both cases, the
suitability of the area to the introduction of these innovations shdugdnvestigated.

The main goals of this case study, therefarvere:

To identifythe most suitable sites for ofhore mussel culture in the coastal area between
3 and 12 nm from the shore;

To assesthe potential for colocating the production ofmussds and Pacific oysters.

With respect tdltalian policies to support the sector, in compliance with the Article 34 of EU
CFP Bgulation 1380/2013, in 2014 the Italian Ministry of Agriculture, Food and Forestry Policies
(MiPAAF)publisheda Strategic Plafor the development of aquacultureovering the perio®?014
2020. The Plan is designed to address four priorities, which were identified at EU level, namely: 1)
simplificationof administrativeprocedures 2) reasonable certainty for aquaculture operators
relation to access to waters and space; 3) enhancing the competitiveness of the national aguaculture
industry;and4) ensuring fair competition and improving the supply chain. The implementation of
the planis supported by the European Maritime andtésesFund(EMFF. In Italy, EMFFs allocated
to the "Regioni", i.e. County Council, which should marihgdundsat the local level. Allocation of
funds through public calls is currently ongoing.

In Italy, MSP has not been fully implemented as yeprasent, the use and protection of
marine space is presently managed by both national and local authorities, acctrdiegtype of
use. For exampldishing, aquaculture, tourism and coasprotectiont NB Sy i NHza 6 SR (2
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(counties), whereasnergy uses are managed at national level. The Italian Parliament has only
recently, in November 2016, approved a decte¢ransposethe EU MSPBirective

The casestudy could be relevarfbr the implementation of the MSPBirective in Italygiven
its recent transposition. Undethat legislation guidelines for defimig management planfor the
maritime space should be provided by an Inkdinisterial Committee within 12 months.
Subsequently, plans should be designed and approved by the Ministry of draasg
Infrastructure by the end of 2020. Plans should be designed on the basis of the EAA: aquaculture is
explicitly mentioned as one of the sea uses to be taken into account. The planning process will
involve stakeholders through public consultationkefiefore, Aquaspace could effectively contribute
to the implementation of MSP, by providing sciediesed tools for identifying areas to be allocated
to aquaculture. As AZAs have not been defined yet in the study area, the tools proposed by
Aquaspace coulde employedor that purpose and complemersipecific toolghat have already
been developed for supportinglSR such as th@echnical Chart of the Seecently developedinder
the IPA SHAPE projgetww.shapeipaproject.ey and the ADRIPLAN Portal, which is the main
output of the DG MARE ADRIPLAN prajeitp://www.shape-ipaproject.eu).

2.3. Stakeholder engagement and participation

Stakeholdersvere involved in the case studyvork sinceits inception in collaboration with
SIRAM; the Italian Society for Applied Research on Mollusc Far(8agieta Italiana per la Ricerca
Applicata alla Molluschicolturattp://www.siram-molluschi.i) and AMAc the Mediterranean
Aquaculture AssociatiofAssociazione Mediterranea Acquaculttitip://www.a-m-a.it/). In a
preliminary survey, we identified three groups of stakeholders:

F Farmers and fiem consultants;
R- Regulators and public servants involved in environmental and food safety monitoring;
0 S- Scientists involved in shellfish research.

On the basisof this, we designed the following stakeholdemgagemenstrategy:

U 1) Orgargation of aninitial workshop(at thebeginning of theAquaspaceroject)in November
2015 to presenthe Aquaspacerojectanddeterminestakeholder opinions and requiremest

0 2)Makecontact with regulators in the case study area anthmsurrounding Italian Adridat
coastal zones, i.e. Veneto, Marche and Abbruzzo, as well as with the Italian Ministry of
Agriculture, Food and Forestry Policies (MiPAAF)p vid directly involved in the
implementation ofthe MSFDirective at national level

U 3) Presentation of the rests of our spatial analysis to regulators using the purposely designed
"Bluefarm 2" tool(see next sectiojduring individuameetings, in order to get their feedback
and

U 4) Presentation of the final results to sciensistarmeis and farm consultargat the SIRAM
annual conferencgo be held in November 2017.
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As the third activity is still egoing and the fourth one will be carried out after the submission of
the present deliverablegnly the first and second steps are presented fully here, togethtr av
summary of the feedback received thus faom regulators

2.3.1. Stakeholder workshop

The workshop was held in Chioggia, near Venice, on Noverfi®015, backo-back with the
annual SIRAM conference. In tothlere were47 registeredparticipants 19 representing
Farms/consultants 18 Rgulatorsand 10 Sientists The main objectives of the workshop were:

To present the state of implementation dR®Iin the Adriatic 83

To identify the main issues limiting the development and profitability offgdiel
farming in the areaand

U To provide an overview dhe Aquaspac@rojectand present a preliminary version of
the"Bluefarm2" tool to be developed during the project and applied to the case study.

The workshop was divided into two sections: fggentations by expertand2) round table.
Presentations were well received ardcouragdively debate. All stakeholder groups agreed that
MSP represents an opportunity for more efficient management of shellfish culture and for the
allocation of areas wdre this industry could expanBarmers, researchers and representatives of
environmental agencies agredigiat excess bureaucradgthe main factor inhibiting the further
development of shellfish culture in the area. The implementation of MSP and dafiotiAZAvere
regarded as highly beneficial, lasth could speed up concession of leased ared present,t can
take a new investoup to two years to get a liceecFarmers pointed out that in many instances they
are not involved in the decision makjiprocess at an early stage. They also remarked that there are
cultural barriers, such as language, terminology, format of scientific reports, which inhitifute
exploitation of the results of scientific projects, such as Aquaspace. As regardsuidigpAde case
studyanalysisandthe preliminary resultdrom "Bluefarm 2" too) used toidentify new areas suitable
for development farmers pointed out that criteria concerning riske.(storm, occurrence of HABs,
breakout of disease) should be introdutin the framework, as well as so@oonomic indicators.

2.3.2. Feedback and recommendations from the stakeholder

workshop

The workshomutcomes aresummarged according tahe requiremens, recommendations and
suggested actions below:

U Establishing a unige contact point, at national leveb help farmerswith the licensing process
andto comply with current legislation: at present, farmers are finding it very difficult to deal
with theseaspects

U Investing in research projects, aimed at supporting difieegionto other farmed species.

15



AquaSpace 633476 D4.2

U Continued Professional Development training is needed, in order to address gaps inycapacit
relating toplanning and management of aquaculture.

U Economic support from authorities may be neededhtiiressadverse events, wbh may be
exacerbated by climate change.
Transparent anefficientlicensing process.
Identification and classification of areas suitable for shellfish farming based on a set of criteria,
including biomass productivity and access/proximity to markets.

U Esablishing a stakeholder platform, guaranteeing the involvement of all relevant
stakeholders, including farmers, in decision making.

U Data concerning environmental variables and food security, should be made available by
public authorities.
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Figure 22. Pesentation of the Aquaspace project at the Italian case study stakeholder workshop, Chioggia
(Italy), Nov. 7th 2015

2.4. Tools used in the case study

In this case study, thus far, we haagpliedthe "Bluefarm 2" tool, for identification of AZA and
individualsite selectionwhich wasdeveloped by Bluefarm within Aquaspace. We are also planning
to applythe Ecosystem Cost Benefit Analysisl, being developed bghe Thinen Institute, before
the end of the project. In this section we describe the first toslilee second one is already
described in Aquaspadeeliverable D3.1 and igpplicationto other case studies is described
elsewhere in this deliverable.

The "Bluefarm 2" tool is based arSpatial Multi Criteria Evaluation (SMCE) methodology,
which allovs one to combine different spatially explicit information layexs/eringboth constraints
to the further development of shellfish culture aa¢sosuitability criteria(e.g.productivity,
environmental impactendsociceconomic factors The latter aresubsequently aggregated in a
spatially explicit suitability index, using an appropriate weighting algorithm. Constraahisie
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conflict of uses, such as those listed in the previous section, i.e. presence of ports, Marine protected
areas, navigation roes etc. The results of the application of "Bluefarm 2" can therefore be easily
visualsed in 2D maps, such as the ones shown in the next section. Thembitspreliminary

results are described in detail in the opeaccess paper (Brigolin et 2017)

"Bluefarm 2" carbe applied tadifferent spatial scales, in accordance with the spatial
resolution of the input data. In Aquaspace we applied it to the scale of a coastal area fututénit
could be applied tahe whole Adriatic region. It waapplied usingthe open source GIS programming
environment QGIS: a €IS pludn for easily transferring the tool tanother area is currently being
designed and tested and will be delivered before the end of the profddhe end of the project,
Bluefarm wil distribute the plugin for free to registered noiprofit organkationsand public
authorities

2.5. Case study results

In accordance with the two goals of the case study given in Section 2, we applied "Bluefarm 2" to
assess:

the suitability of the coastahrea between 3 and 12nm from shore for mussel and pacific
oyster farming

The flow of information which characteeis the application of the "Bluefarm 2" tool is shown
in Figure2.3, from left to right.Soatial information layerselating toconstraintsand criteria were
producedon the basis of freely available data sourcasch as field surveys and remote sensing,
operational oceanography and environmental modelling, which can be downloaded from the EU
Copernicus Marine Service, as well as from ottaagbortals, such EMIS and EMOD &ts feature
of "Bluefarm 2"shouldappealto public administrations and enhang#s capacityfor transferability.
Whenever necessary, these data were used as input to modelling tools owned by Bluefarm or
purposely devimped in the framework of Aquaspace.

e R ~ ~ /"-— SPATIALLY EXPLICIT MULTI-CRITERIA
{ CARTOGRAPHIC DATA REMOTE SENSING i DETERMINISTIC \ ,4’ EVALUATION (SMCE)

& AQUACULTURE / =
e |

- OPERATIONAL .
(1) M;_II_{]L’;T:( OCEANOGRAPHY MODELS
SUITABILITY

(2)) EMODNET , FM-L\ )
BATHYMETRY Sea water

temperature

i GOOGLE ——
i FARTH } EMIS L Individual-based

3, X (S
e - Chlorophyll-a models INDEX (SI)
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R (0G) .
MyOcean | FiCIM |l ENVIRONMENTAL Normaliz
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Figure 23 Visual representation of the application of the Bluefa2rool to the Italian Aquaspace case
study.
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In particular, productivity criteriagollectively labeledOptimal GrowtH in Figure2.3, are
based m an indicator of potential biomass yield, i.e. days to reach market size, which was computed
using bioenergetic models for the two shellfish species. Bluefarm made these models freely available
as R codes: the package (RAC) can be downloaded from: kdtas:f-project.org/package=RAC. The
Environmental impact criterion was assessed using the model FiCIM (Fish @ggateat Model)
(Brigolin et al2014,Brigolin et al. 2015)hich was customised to simulate the organic deposition of
mussel pseuddaeceson the seabed. Significant wave height was taken as a proxy of the risk of
harvest losses due to storm events: data, based on the SWAN model, were provided for free by
ARPAE, the Environmental Protection Agency of Regione Emilia Romaggtai@dsnvere
downloaded from the ADRIPLAINtp://data.adriplan.eu/) and SHAPE (http://www.shape
ipaproject.eu/) data portals.
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Legend
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Figure 24. Maps of relevant criteria used for assessing mussel farming suitability: 1) Days to reach market
size (topleft), 2) Immct of biodeposition on the seabed (tepght); 3) Risk of harvest loss due to storm events
(bottom-left); 4) Distance to landing ports (botteright).
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Figure 25. Results of the application of "Bluefarm 2" to the case study: 1) spatial constraitite t
expansion of mussel farming due to use conflicts (left), 2) suitability map for mussel farming: blue areas are
already leased to mussel farmers.
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The results are summaed inFigure2.4, which presents, as an example, the most relevant
informationlayers concerning the mussel farming suitability criteria, Bigaire2.5, which shows the
constraints and the final suitability maps, obtained by aggregating the criteria and overlapping the
constraints. As one can sdfe indicator of mussel productiyitsuggests that up to about 6 nm from
the shore the potential biomass yield is similar along the whole coastal area, where, on average, a
specimen would take approximately 4 months to reacharket size of 5cm. Furthermore, the
impact on the seabed decrsas with the distance from the shore. However, moving away from the
shore would increase both the risk of harvest loss due to storm events and the distance from landing
ports, which, in turn, leads to increagenergy costs and G@missions (Lourguoi et.&2017). As a
result, the final suitability map, on one harghowsthat there is stilsignificantpotentialto expand
mussel culture between 3 and approximately 6 nm, with potential production similar to that of the
mussel farms currently operating ohd edge of the 3 nm, as shown inlig2.5. This finding could
support the implementation of Japanese leliiges in the region, which would lead to both a
reduction of cost for farmers and of maeptastic waste released accidaly to the environment.

2.6. Application of tools

The results shown in the previous section suggest that it is feasible andftioint to use
publicly available geceferenced data and information for supporting the inclusion of aquaculture
activities in the implementation prass ofi K S MSP Digectivg2014/89/EV).

The tool applied to this case study, namely "Bluefarm 2", is based on a transparent procedure,
through which the above information, is post processed whenever necessary using simulation
models and converted intmaps. In this specific applicatiahgere were noparticular difficultieswith
input data. Emilia Romagna authorities and agencies fully cooperated, for exammleviding free
comprehensive data sets concerning significant wave height, which wagwsstimat a proxy of
harvest loss risk. Furthermore, most data were availftols EU services, such as the Copernicus
Marine Service, and data portal producedder otherEU funded projects, such as SHAPE and
ADRIPLAN. We, as Bluefarm, added to that#pacity of converting the initial spatial layers into
indicators useful foa suitability assessmerntf shellfish farming. However, spatial information layers,
though valuable "per se", can be regarded as irtpuhe "Bluefarm 2" tool: in order to prodecthe
output, i.e. the suitabilityof these layers have tbe normalised and "weighted", i.e. ranked in
relation to their relevance, which could be different for each stakeholder category. As this last step
can greatly affect the output, weights should éssigned through a participatory process, in which
different "suitability scenarios” could be discussed and evaluated by farmers, investors, regulators,
representative from other sectors involved in use conflicts. In Aquaspace we did not go that far: the
weights used for producing the suitability maps are, in fact, based on our "educated guess".
However, once the information layers have been collected and archive®I® environment, such a
process is technically feasible and its computational costrislireited, thus allowing redime
creation and discussion of suitability scenarioghis regard, the @IS plugn, which Bluefarm will
make available free of chargeould support public authorities in carrying dhts type of exercise
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2.7. Relevance of the case study within Aquaspace

Europe imports a large amount of seafood, including shellfish, which means that there is scope
for growth of shellfish farmingprovided suchan increase in EU productiémaccompaniedvith
adequate marketing stratgies. Reducing the time required for getting licenses and selecting
appropriate sites using scientmsed site selection tools represatesirablemandatory steps
towards the further development of this nefied and environmentallyriendly type of aquacuitre:
we therefore feel that our case stygbrovides convincing evidence that supporting a scieiased
process of shellfish AZA identification is presently feasible aneetfesttive, through the harvesting
of publicly available data and the conversidrsach data into spatial layers concerning relevant
indicators and criteria for suitability assessmefte Multi Criteria approach, which & the core of
the "Bluefarm 2" tool, allows one to structure the flow of information in a transparent mannetand
involve stakeholders in the analysis of suitability scenarios: this feature is very relevant for the
implementation of theMSPDirective, which explicitly requires a participatory approach. Of course,
the results can be improved both by using sfecfic data concerning, for example, hydrodynamic
circulation and including more soe@onomic information layers, which could better address the
requirements of farmers and investors.

2.8. Conclusions and future prospects

In accordance with the stakeholdengagementstrategy outlined in Section 3, we asgll
currently presenting the results outlined in section 5 to regulators. A first meeting was held in March
2017 in Bologna, at the Regione Emilia Romagna premises. The meeting wasedngaaher the
national flagship project "RITMARHEftp://www.ritmare.it/), coordinated by the Italian National
Research Council (CNR). We were invited by CNR colleagareséatour main findings to public
officers involved itMSP. The outcome of the meeting was very fiva and, as a follow up, we are
now undertaking a joint effort with CNBMAR (Istituto di Scienze Marinmstitute of Marine
Sciences) colleagues, aimed at improving the results, ingefrepatial resolution, use of site specific
hydrodynamic data ashinclusion of layers concerning potential synergies with other activities, i.e.
seabed mining and conflicts with fislhes. This is a first, conde step towards the exploitatioof
the Agquaspace results in the Italian context. Bluefarm associates lisodeeninvited by ISPRA,
(Istituto Superiore per la Ricerca e la Protezione Ambientdigher Institute for Research and
Protection of the Environment) to join a platform, called "ITAQUA", for supporting the Italian
authoritiesinvolved in the implemetation of MSPas well as farmers and investors who may wish to
start new businesssin the shellfish industry in the area by providing sciebased tools for
allocating new leased areas along the Adriatic coast line-alloeating existing farmwith different
farming technologies.

It can be a tool for decision makers: Results can support scleased design of Allocated Zones
for Aquaculture (AZAs) in order to avoid conflicts, and promote sustainable aquaculture in the
Mediterranean Sea, where the spafor these activities is becoming increasingly limited.

We are planning to have a stakeholder meeting in the autumn 2017, in order to present the
results of the application of the Aquaspace toiods Bluefarm 2 and, if possible, ECB#th afocus
on the Italian case study. This should provide: 1) feedbackfine the tools developed and tested in
our case study; 2) an assessment of the ¢yl potential end users.
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3. ALGARVE COAST, PORGAL

John Icely and Bruno Fragoso

3.1. General characteristics

The Algarve is an administrative region located along the southern coast of PoRigyat8.1),
with an extensive coastline adjacent to the Atlantic (Turigsfad?ortugal 2014). This region has
traditionally been the most productive region for aquaculture, with fish and shellfish cultured in
extensive and serihtensive systems in sheltered lagoons and estuakiesvever, to contribute to
the better use of thePortuguese Exclusive Economic Zone, the government has declared aguaculture
as a priority sector for development, with particular emphasis on concessions, where investors can
obtain licenses to set up offshore aquaculture for fish and/or shellfish. Wighetifiort to promote
aquaculture, the objective is that total production doubles to 20,0@@nesby 2020. As there is only
limited space for expansion in the inland waters, this Case Study will focus on the recent expansion of
offshore aquaculture alondie Algarve coast.

The Algarve: The region and the sub-territories

"

. Baixo Guadiana® .

Costd Vicentina

Litoral Sul € Barrocal

Unidades Territoriais Subsec¢ées BGRI 2011
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Figure3.1. Algarve region and suterritories (source:
http://s3platform.jrc.ec.europa.eu/documents/ 20182/92074/ALGARVE+REGIONv2.pdf/8ci8Badd1{f-87d5

39274e3c59dp

Portugal developed a National Strategy for the Sea between 2013 and 2020 (Governo Portugal,
2013http://www.dgpm.mam.gov.pt/Documents/ENM.pdfthat takes into account Mamme Spatial
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Planning (MSPh{tp://www.msp-platform.eu/countries/portuga) to address the following maime
activities:

- Natural Living Resources:

o Fisheries
0 Agquaculture
- Natural NonLiving Resources

o Mineral extraction
o Offshore renewable energy production
- Infrastructure uses and activities:

o Ports
o Tourism
0 Shipping

- Other current uses: marine biotechlogy, coastal defence

Initially, the MSRlan for Portugalkttp://www.msp-platform.eu) was only a pilot plan, but on
the 10 April 2014Decreelaw No. 17/2@4was approved to define the political basis for a new and
AAYLIE AFASR I LIINRBIFOK G2 aYFNARYS aLlk dAart LA FyyAy3
space, including the continental shelf beyond 200 nautical miles.

On 12 March 2015 a supplemenydaw, Decreelaw No. 38/201% was implemented to define
the legal mechanisms for maritime spatial planning instrument and to define how private citizens
may utilise maritime space. With reghto the implementation of this law, a framework for the
Planning and Managemenf the National Maritime Spaogasdeveloped based on a study for
Planning and Organising Maritime Space (POEM, 2012). Thus irC2a&bNo. 11494/201%as the
start of Portuguese MSP, where the competent authorities were identified for preparing and
supporting the process. This date is not long after theafidpted the Maritine Spatial Planning
Directive (2014/89/EU)he European Commission (20%t9ted thatdfor the implementation of
Maritime $atial Panning it is imperative to consider the economic, social and environmental
aspects to support sustainable development and growth in the maritime sector, applying an

7 A - ~
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3.1.1. A description of the geographical and biological context

The Algarve occupies 5.4% of the total area of the national territory, and from its exposure to the
AtlanticOcean on its western and southern border, it borders the Alentejo region to the north and
the Guadiana River to the east, separating the Algarve from the Spanish Community of Andalusia
(Turismo de Portugal, 2014). It has 160 km of coast, with fishingeasfahe main economic
resources; indeed, historically it was probably one of the first human activities in this region. The
Algarve has important advantages for the fishing sector, with a wide range of available resources, an
important fleet and a populkion with a substantial appetite for seafood. With this extensive
experience in fisheries and the productive coastal waters, it is suggested that the conditions for
mollusc and finfislaquaculture are good (CCDR2a$5).
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In terms of the EU Water Framewdkrective, the Algarve coast is classified as a mesotidal,
moderately exposed Atlantic coastal tyggeftencourt et al2004). The Algarve coast is affected by
seasonal upwelling induced by northerly winds, the cold upwelled waters of the west coast
appaently turn around Cape S&o Vicente and then flow eastward along the shelf break, although the
same pattern could be generated by shelf edge upwelling (see references in Goel0d63l
During particularly strong northwest wind events, upwelled watees@bserved to cover the whole
Algarve shelf and then proceed offshore from near the mouth of the Guadiana River at the Spanish
Portuguese border, again following the shelf edge of the Gulf of Cadiz. During thensivig, a
coastal countercurrent trangorts warm surface waters to the west, eventually reaching Cape Séo
Vicente, and even proceeding northward along the west coast whedsarieverse to the south
(Fiuzal983) from May to September. In summary, upwelling events can supply nutrient rich water
resulting in high primary productivity, contributing to a commercially valuable fishery as well as
bivalve aquaculture.

3.1.2. Socio economic context

The Algarve haa resident population of 45006 people, representing only 4.3% of the national
population (INE, 2012). During the summer months, due to tourism the population triples to near 1.5
million people. There is an increasing effort in the Algarve to provide services for tourism, which
continues to increase with a significant impact on the national econdrhe services represent
80.3% of the total employment in the Algarve, industry 6.3%, cangbn 9.8%and agriculture 3.3%.
In2010, it is estimated that the Algarve contributed.2 millionto the national GDP, a value near
4.2% of the national total (Turismo de Portugal, 2014).

Relating specifically taquaculture, employment in 2011, represente@®6 direct jobs where
18% vere women, and with onlfive companies employing merthan 10 people. Most of the
workers have low qualifications and work within a family business, but there are also a considerable
number of people with higher education (university level). The national production of aquacuiture
2012 only contributed 8% (10817t) to the total seafood landings, and therefore cannot yet be
considered an alternative to the traditional fisheries sector (DGRM, 2015).

3.2. Spatial planning and management issues

3.2.1. What aquaculture species, types and systems exist in the

area

Traditional Portuguese aquatture is landbased, characteres mainly by marine extensive and
semtintensive systems located in lagoons, estuaries and intertidal areas along the coast (Ramalho
and Dinis 2011)lhe main species produced are shellfiskams oysters, mussels, and fisturbot,
seabream and seabad@valve aquaculture is still the most importaiarm of aquaculture in the
Algarve; fish produced in ponds represent only 9.2%. Most of the bivalve aquaculture sites are
located within the Ria Fmosa lagoon, where extensive aguacultuepresents88% of the total
production. The cros® dzii O N1LJSG Of I YI 2 NJ i R@litages @eeubsatyist | Y ¢
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the main species produce#igure3.2, left window), but mussel production has doubfedm 2012
to 2013 with a total 547 tomes, mostly due to recent offshore installations (INE, 2076 Ria de
Alvor also contributes to the production of bivalve clams and oysters, and finfish, seabass and
seabream (APA, 2014). Along the Algarve cdlaste are an increasing number of offshore
concessions, with the first offshore longlines installed in Sagres in the late F9§0828.2, right
window) with the main purpose of growing scallops followed by Pacific oy€easgostrea gigas

Agquacultue activities related to mollusc culture in inland waters are mainly for clams and oysters
(e.g.Ruditapes decussatus, Venerupis decussata, Venerupis pQlldssaall proportion is retained
for domestic consumption with the majority exported. Longlin@sriussel cultureNlytilus spp) is a
more recent activity and production is mostly for export, as there is low domestic demand for this
species. Finfish culture (e §parus aurata, Dicentrarchus labrax, Solea senegalensis, Diplodus sargus,
Anguilla angula) using extensive rearing systems still occurs in inland waters, but it is mainly a
subsistence activity with cultured fish destined for domestic consumption. Fish culture in ponds using
semtintensive rearing systems is s$ithallscale, with some fins recently terminatig their business
(Bolman et al2011).

Although the Ria Formosa lagoon is a National Park, it is also the largest aquaculture site in
southern Portugalhostingmore than 50% of the total bivalve culture production in Portugal. Mést o
the intertidal zone within the Ria Formosa is licensed to individuals and small firms for clam culture
by clam farms, producing a yield of about 8@60nesof total fresh weight per year (Bolman and
Bogaardt2011).Apart from aquaculture, the Ria is alased for tourism, extraction of salt and sand,
and fisheries.

For the purposes of the Algarve Case Study, tligeefocus on offshore aquaculture as there is
only limited space for expansion in inland waters. Furthermore Rbrtuguese government has
defined aquaculture as a priority sector for development (Governo Portugal 2013). Recently, there
has been an effort to prestablish areas for offshore aquaculture, and reduce the licensing time for
new investments (Figus8.3 and3.4).

€ Hrumo Fragos

© Bruno Fragose

Figure3.2. Aquaculture systems in the Algarve, removing seaweed in traditional clam
aquaculture in Ria Formosa (left), offshore aquaculture for oysters at Sagres (SW Portugal)

(right).
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Figure3.3. Map of the Algare region showing the current aquaculture sites (green and
orange) and the potential future areas (blue boxes) (source:
http://eaquicultura.pt/navegue -pelo-mapada-aquicultura-em-portugal/)

Algarve

Tavira .~

Sagres

Figure3.4. Sentinel2 satellite imagswith the locations of the current operational
offshore aquaculture concessions along the South coast of Portugal. The numbers
correspond to specific concessions: 1 and 3, Aquasacrum; 2; FiajsteTesta & Cunha; 5,
IPMA fish farm pilot station off Olh&o; 6, APA Armona; 7, Companhia das Pescarias do
Algarve; 8, APA Tavira. (adapted frbtip://eaqu icultura.pt/navegue-pelo-mapada-
aquicultura-em-portugal/)
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3.2.2. Spatial structure and management issues

Along the Algarve coast, there is potential for conflict between the aquaculture industry and
other activities. Some of these potential conflicts for thigarve and, in particular for the Ria
Formosa lagoonyere described in the COEXIST proj@atv(v.coexistproject.el

Colocation of aquaculture with designated conservation and tourism areas.

Offshore aquactlire and fisheries in the same areas (the presence of the aquaculture plots

excludes soméypes offishing).

1 Recreational boating and ships can change sediment properties and have detrimental
consequences for aquaculture activities and species.

1 Bivalve fiking/gathering closures due to the detection of seasonal toxins and consequent

preventative measures taken to avoid health risks are not well accepted by some producers.

= =

Theinteractions between Fisheries and Aquaculture and other relevant activitiesinvitie Ria
Formosa lagoon coastal areas identified irthe COEXIST projeare shown irFigure3.5. In this
area, there is conflict between sand extraction and bottom fishing. Where sand extractioms,
clam dredging and bottom trawling are forbiddeFhere is also a conflict between caldying and
bottom fishing. Where there are cables, clam dredging and bottom fishing gear (e.g. bottom trawling
and bottom purse seining) is forbidden. Shellfish gatherers that have clam and oyster beds are
sometimesinconvenienced with dredging and cabling/piping works, because they may disturb the
sediment beds where molluscs are produced. Fish aquaculture operators also claim that shell and
sand extraction impoverishes water quality, due to turbidity and the susjoenof solids. Tourism,
namely ordinary tourists using coastal waters for swimming or bathing, may also complain if there
are dredgers nearby, which can occur, albeit rarely. The same applies fdvdaad anglers that use
beaches where people go swimrgior bathing. Land based anglers also claim they have the right to
fish in ponds and rivers used for other activities. Diving operators that take their clientele for tourist
SCUBA diving purposeasyalso complain if certain marine features appear destrbge damaged
due to irregular diving, fishing, or other human activities (Bolman.&dl1). Tourism brings some
disturbance especially during the summer season due to a significant inéneasmbers opeople
using coastal aread@ngbloedet al 2011). These examples of conflict reflect those occurring along
the rest of the Algarve coast.

Recent developments in management issues relatelll &Pand aquaculture in the
Algarve are highlighted in the following sections of the Algarve Case Study basexison
used for the case study, the outcosef stakeholder engagement and participation and
how this information has provided knowledge for the section on case study results.
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Tourism - Synergy

Urban and rural residues No conflict/synergy

Figure3.5. Interaction between Fisheries & Aquaculture and other acésitiBolman et
al, 2011).

3.3. Tools used in the case study

As is clear from the previous sections, the Portuguese government has embraced the concept of
MSP and has started to implement tools such Geographical Inform&tistemgGIS) to define areas
that would be suitable for aquaculture (see Figs, 3,4). Based on the programme before 2014, the
Portuguese Government carried out a SWOT a&islp assess the strengtheaknesses
opportunities and threats$or their new 20142020 programme to support aquaculejrparticularly,
offshore aquaculture (Governo Portugal, 2014). This analysis is presented ir3Iable

3.4. Application of tools

Sagremarisco is collaborating with the company Bluefarm, an AquaSpace partner from ltaly,
Venice, to try out their approach tgpace allocation for offshore aquaculture combining remote
sensing images with modelling. Sagremarisco is open to applying other tools that are relevant to the
Case Study where the space for offshore aquaculture has already been predefined by government
(e.g. Figure3.4).

The most important and effective tool in this Case Study has tieedirect interaction with
stakeholders; information obtained from them, either formally through a questionnaire or informally
through personal contact, antheir attendane at meetingswith representatives responsible for
governance of aquaculture in Portugal and representatives of the Algarve aquaculture industry (see
section below).
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Table3.1. SWOT Analysis adapted fréBlano Estratégico Nacional para Pesca 200013
(MADRP1 DGPA, 2007).

GLYGSNYFfé¢ G2 t2NIdA

Strengths Weaknesses
9 Existence of favourable conditions for 1 Level of planning for implementation g
aquaculture development aquaculture and other activities
9 Skills relating to the cultivation of offshore is limited
species are well adapted to the naturg 9 Licence duration is too short
conditions 1 Long and difficult licensing process
1 Potential to increase productioof high 1 Activity perceived as high risk with a
quality and valued species. limited insurance cover
1 Availability of qualified workforce 1 Insuffident selffunding capacity by the
1 Can differentiate between the quality companies
of products through different 1 Low levels of cooperation between
production methods and certification farmers and the processing industry
1 Existence of scientific knowledge and 1 Lack of consumer information on
technologies to support innovative an aquaculture products
productive sectors. 9 Insufficient nurseries for the
reproduction of marine species

~

GOEGSNYIfé& (2 t 2NIdA

Opportunities Threats

9 Existence of a National and European 1 High competition from third countries

market with a deficit in seafood 1 Conflicts of interest in areas with
production and a growing level of aquaculture potential
consumption 1 Increasing costs in production items,
1 Possibility of installing offshore like energy and feed.
concessions which can be combined 1 Probability of occurrence of pollution
with other activities. events or sporadic reductioof water
1 Interest of consumersnicertified quality due to climatic events
products 9 Difficulties in obtaining funding due to
1 EU commitment to developing the the highly precautionary evaluations
aquaculture sector from funding institutions

1 Portugal has the technology and humg
resources with the potential for
innovation and adding valuing through
its human resources

91 Collaboration with the industry to
improve public aceptance of
aquaculture products
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3.5. Stakeholder engagement and participation

Tables 3.2 and3.3 show the contacts that have been made wittuaqulture stakeholders by
Sagremarisco, with Table 2 irgjthe peoplé that were spokerto at the 10" Aquaculture Seminar
organised by APA (the Portuguese Association for Aquaculture Producers) in Set @8l April
2016reflectingproducers, governmnt ministers, government officials, scientists, and company
representatives (audience approx. )08 questionnaire was distributed to 40 people; although only
nine were completeda substantial amount ahformal information was obtainediadiscussios
with the 40 people given the questionnairdhe results fronthe questionnaire are presented in
Deliverable 4.1 of the Aquaspace project, Annex 1 (Bergh et al, 2016). The questionnaire is divided
into four different sections with a total of 16 questior2art | relate to policy, norms, regulations
and institutional issues; Part Il to aquaculture and the environment; Péotdtjuacultureand other
usegsectors; and Part IV relates to aquaculture and secionomical aspects.

Since the APA meeting in 2016, further stakeholdegengagement hasccurred and are
described below and summarised in TaBI&.

29" June 2016

- Meeting atDRAP Algarve (Regional Directorate for Agriculture and Fisheries), Patacao,
Algarve, Portugal

- Stakeholders: &resentatives of the DGRM (General Directorate of Natural Resources and
Maritime Security), APA (Portuguese Envinemtal Agency)DGAV (General Directorate for
Veterinary and Food Security) and IPMA (Portuguese Institute for Sea and Atmospitere)
Producers (40 aeindees).

- This workshop aimedt providing nformation from the governmental entities to the industry,
both the inshore andoffshore producers of bivalves, about the exceptional mortality of
oysters, clams and cockles that occurred, particularly, in thé\R@ along the Algarve Coast
during the Autumn 2015. Important informatiam the responsibilities of these legal entities,
demonstrated limitations to understanding and solving serious issues such as this exceptional
mortality of bivalves at the Ria Alvand adjacent offshore areas in 2015.

29" July 2016

- Meeting at DRAP Algarve (Regional Directorate for Agriculture and Fisheries), Patacéo
Algarve, Portugal

- StakeholdersRepresentatives of DGAV (General Directorate for Veterinary and Food Security)

- Interview with the DGA\provided detailed information about the licensing preseand
governance of aquaculture activities in Portugal. This interview provided the factual
information supported by copies of the legal documerm&¢retoslei) of how aquacliure is
licensed and subsequently managed (governed) in Portugal. There was also clarification about
the governance hierarchyetween the differentmstitutions involved in the licensing proge
This could change depending on what licenses a produceiiresy but to give an idea of the
number of licenses that a producer could need, Finisterra Lda, who have an offshore
concession and an onshore processing facility for bivalves, hold 42 licenses at present and still
require one or two more!
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Table3.2. Staleholders contactd in the APA meeting at Setubalpril 2016

Individual names cannot be listed duedataprotection andprivacyrestrictions.
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22" July 2016

Institution
CIIMAR
Xylem
U.of Aveiro
Bivalvia
Ostraselect Algarve Ld:¢
AIMAR
U.of Aveiro
Leya
Materagqua
FCT/UNL

IMAR (MARE)

IMAR (MARE)
Sdiestela

Quinta do Salméo Ida

Vale de Lama
Canal do Peixe
Aquasacrum
Mirabilis Ida

Sec. Estado Pescas
Puromar
Mousquetaires
HIPRA
Aquasacrum

Jornal Economia do Mée
DGAV

DGAV

U.of Aveiro
Docapesca

Stolt Sea Farm

. IMAR (MARE)

IPMA

IPMA

FF Aveiro

FF Setbal

F de Medicina
Veterinaria

Secretary of State fo
the Sea

Associagdo Portugues
de Aquacultores (APA)
Coopformosa

Stakeholder

Sdentist

Equipment support
Scientist

Shellfish producer (Algarve)
Shellfish producer (Algarve)
Scientist

Scientist

Producer
Scientist

Scientist

Scientist

Fish producer

Fish producer (trout)
Aquaculture manager

Fish producer (Algarve)

Fish producer (Ria Aveiro)
Shellfish producer (Algarve)
Scientist

Government

Shellfish producer (Algarve)
Intermarché / Programa Origens
Veterinary

Shellfish producer (Algarve)
Journalist

Government veterinary services
Government veterinary services
Scientist @belling origins)
Administrator

Trout producer

Scientist

Scientist

Scientist

Farmer

Farmer

Scientist

Government
General Secretary of APA

Coop viveiristaRia Formosa

Meeting at Alvor, Algarve, Portugal
Stakeholders: Bivalve producer in the Ria de Alvor

Interview concerning his specific problems with bivalve culture at this location. Apart from the
mortality which has fortunately been somewhat limited for him, he has several issues with
licensing and subsequent monitoring activities with the governing institstio
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4™ August 2016

- Meeting at LagqgsAlgarve, Portugal
- Stakeholders: Offshore Aquaculture manager/consultant (Aquasacrum)

- Personal interview with the consultant /manager of Aquasacrum, one of the biggest investors
in bivalve aquaculture in the AlgarveisHcomments are similato those of the producer
interviewed from the Ria Alvor. Aquasacrum was one of the companies experienced
substantial oyster mortality in Autumn 2015. It is notable that they sent samples to a
laboratory that speci@ded in bivave diseases: they received identification of what ealthe
mortality, but this was not acknowledged by the official Portuguese institutions.

Stakeholders: Finisterra SA

- Sagres, Algarve, Portugal
Regular contact with the owners of Finisterra S.A. hasiged detailed information of
the day to day issues affecting the use and managemeat0fhectare offshore concession
areafor mussel culture. One of the overarching issues is the slow response time @iatae
institution responsible for monitoringoixic algae (HABs), which has substantial economic
consequences for the company

Table3.3. Stakeholders contacted since the APA meeting in April 2016

Date Name Institution Stakeholder
_ Regional Directorate fo
S DGRM Agriculture and Fisheries
_ar APA Zogzguese Environment
20th June 2016 gency :
Portuguese Institute for Sea a
. Fva
Atmosphere
General Directorate fo
I DGAV Veterinary and Food Security
Regional Directorate fo
29th July 201 DGRM . . .
Sth July 2016 I G Agriculture and Fisheries
General Directorate fo
DGAV . .
G Veterinary and Food Security
22nd July 2016 . Pllrl\{ate InvestorProducer in Ria dk
individual Alvor
4th August 2016 Aquasacrum Aquaculture manager
Ongoing contact Finisterra SA | Producer
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Based on the feedback from stakeholders, the concerns were mainly:

Licensing procedures;

Closures oéconomic activity due to toxins from HABS;

Severe economic losses due to disease;

Difficultiesin coping with sanitary and environmental monitoring as the rules keep changing;
Low return on investment;

Lack of financial instruments and insurance.

= =4 =4 -4 4 A

The corerns about licensing procedures, closures of commercial activities due to toxins from
Harmful Algal Blooms (HABs), and problems related to disease are discussed further in the section
below on case study results.

3.6. Case study results

The information proided for this section includes background data obtained from government
and media sources, followed by informatiobtained viastakeholder engagement and participation.

3.6.1. Statistics for production

Bivalves represent 45% of total production where the gglecspecies is 2,25bnnesof the
clams Ruditapes decussatathe secondary species is 1,34nnesof mussels and the tertiary
species is 1,08@nnesof oysters. In 2014, there was a total of 1,521 licensed production
establishments with only 2.1% g¢esponding to the floating structures that are normally associated
with the production of bivalves (INE, 2016). The statistics for aquaculture production need to be
improved in Portugal. This aspect was identified by the Secretary for State from theriafitte
Sea, at the 12th APA symposium in Setubal in May 2017 and appealed to aquaculture producers to
try to provide accurate and timely statistics on their production.

3.6.2. Aquaculture development trend s

In 2005, the contribution of aquaculture produdtsthe total production of the fishing sector in
Portugal was limited with only 7000 tonnes (MARQRISPA, 2007Rortuguese production levels
have stagnated during the last decade, with figures ranging betwe#9-8,000 tomes, which
constitutes a meagr 0.51% of Europeaaquaculture (Ramalho and Dir#811) The production from
aquaculture in Portugal in 2014 reached 10,7@nesg A G K | G241 f @t dz2S 2F epn
to 2013, there has been an increase of 7.2% in production but there was @adeaonf 8.2% in total
value.In the Algarve, there is not much potential to increase production on the intertidal areas of Ria
Formosa and Ria de Alvor, due to space limitations, and environmental constraints, so it is expected
that the recent offshore coressions can contribute significantly to an increase of production
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especially for musselditilus galloprovinciallls oysters Crassostrea gigas, Crassostrea angulata,
Ostrea edulisand possibly scallop€lilamis s@ndPecten sp

The diversification fospecies for farming and innovation are also key aspects to boost
aquaculture. Aquacultureelated research done at University of Algarve and at IPMA is now available
for farmers with complete production cycles for sole, meagre, and other finfish. Appkedrch has
been carried out for aquaculture of molluscs, like cuttlefish and octopus, as well as for sea
cucumbers, and it is expected that there will soon be caviar from sturgeon produced in the Algarve,
resulting from a spioff company (Caviar Porta) from the University of Algarve.

3.6.3. Industry investment analysis

As a contribution to the national strategy, the PROMAR programme (OperaBooglamme for
Sea200f nmMo0 KIF& LI AR emnZomdpIodc YATEA2Yy F2NI I (240
aquaculture projects in the Algarve up to 2014. The next funding programme is designated the
MAR2020 programméperationalProgramme for Sea 2@12020, funded from the EU) and it will
KFEI @S etydc YATEA2Y FTQOFLAELI0fS F2NI LINRP2SOGA FT2NJ (K
GKSNB gAff 0SS ent YAfEAZ2Y | @FAfLFo0fS F2NJ YSI adz2NBa
Along the Algary coast several investments have been completed, primarily targeted at bivalve
production in offshore systems. LILINE EA Y 1St & emmIcdbnnInnn KI @S 6
GAGK Iy Ay@SaldyYSyid 2@SN e p20BiTans4.JSotkedayipeS HLINR &
the largest areas are shown in &g 32 and3.3.

Sy

S
S o

Compared to clams and oysters, musshgt{lus galloprovincialishave only recently been
considered for aquaculture in Portugal, probably due to their low market value. However, the move
to offshore areas has encouraged expansion in the production of this s{&&as et al, 2015 able
3.4 shows the investment inffshore aquaculture cdunded by PROMAR in the Algarve region up to
January, 2014; covering investments in five different mpaidies along the Algarve coast The
production areas are mostly focused on bivalves, mussels and oysters, with an expected production
of 7,240tonnesand 2,405 tons, respectively. Other investment includes capture and fattening of
wild tuna, with an expeed production of 4,760 tones. The Algarve has a long and historical
tradition of capturing tuna that enters and leaves the Mediterranean Sea for spawning, with fixed
nets, and where they are kept and feed to achieve a high fat content to supply the thaarkend
for sushi. The animals are slaughtered when necessary and when the quota is reached they have to
release the remaining surplus animals into the wild.
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Table3.4. Portuguese companies or individu#iist received a 60% subsidy from the EU
between 207-2013 for aquaculture projects

LOCATION No of entities Subsidy paid out Total investment
Continental 57 12 779 685€ 21299 475€
Algarve 34 10 319 396€ 17 198 993€
Bivalves >50000 € 13 7119 752€ 11 866 253€
Fish > 50000€ 6 2976 432€ 4 960 720€

Table3.5. Offshore aquaculture investments-¢onded by PROMAR in the Algarve region
(until January 2014) (source: Guedes So&&anto2014)

PRODUCTION

Other

species of Other
Municipal- Execution bivalve  Bluefin Gilthead European species
ity (place of | investmen{ (current Mussels Oysters molluscs  tuna scabream scabass  of fish
investment) status) (m?) (tons) (tons) (tons) (tons) (tons) (tons) (tons)
Faro 2031636  Concluded 4009 2380
Olhao 909430 Concluded 480000 450 300 10
Olhao 1048935  Concluded 480000 550 200 10
Olhdo 2237286  Ongoing 376200 1990
Olhao 1546285 Concluded 480000 1500 50 5
Olhao 1869070  On going 480000 800
Olhao 487085 On going 480000 300 130
Olhao 191077 On going 250000 22 10 57
Portimao 1430866  On going 160000 1200
Tavira 2031636  Concluded 4009 2380
Vila do Bispo 1865046 Concluded 328000 450 225 25
Vila do Bispo 2533500 On going 640072 1500
h— [0 o m 0 ® D@

3.6.4. Societal resistance to concessions for offshore aquaculture

from media reports

The recently established concessions fdsldre aquaculture shown in FiguBe&2 and3.3 have
already been critised byrepresentatives fronother activities, such as fisheries and tourism. The
association (AlgFuturo) ahas that these areas M/produce losses ithe eastern Algarvdpr nearly

300 boats from theartisanal fisheles andthousards of direct and indirect jobs.

Additionally, they complain about not being consulted in the establishment of the existing APAA
(Armona Aquaculture®2 RdzO (G A 2 y

I NBI 0

0K G

by R

AG Aa 0KS

(Feb 2016http://barlavento.pt/economia/aguacultureem-mar-aberto-ameacapescatradicionat

no-sotaventq.
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A regional newspaper in the Algarve, on the82016 Figure3.6) reported that Albufeira
municipality was against the newly established aquaculture area, locaB&ch/SW from the
harbour entrance, as it would cdidt with local artisanal fisheries, touristic boat operators, and
restrict access to the Albufeira marina.

dlan@nllne dowve ..

Bugiio Sl » Actuslidede » Notcie

Camara de Albufeira manifesta-se contra exploracdo de bivalves

Autarquia defende Interesses dos pescadores ¢ das empresas maritimo-turtsticas
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Figure3.6. Newspaper reporting the position from Albufeira municipality against the
newly established area for bivalve aquaculture

On the14-09-2016 Figure3.7) a newspaper article, reported the position of the Municipality and
the fisherman of Olh&o, against the established areas for aquaculture in front of the fishing
communities.

4 RN

Areaspara aqmcultura
evoltam pescadores

CONFLITO €
LUTA © Ol
J0AD WIRA G000

Figure3.7. National newspaper reporting that the areas ohefd for aquaculture can
cause cosgraintsfor fishing commuities.

The conflicts with fishers and municipalities due to the-pstablishment of these areas were
highlighted during the Aquaculture symposium on 5 May 2017, by the Secretary for StateisifyMi
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of the Sea, referrintp it aséa significant constraiin.émmediately after theareas wee defined, the
Secretary for Stateaidhe receivel several complaintrom municipalities, fisherand marinas. He

also mentioned that an initial planned offfsre aquaculture site had to change locatibinee times

before its implementation, due to thebjections fromthe local marinaywho were of the opinion that

it would affectaccess for yachts. Another important consttainm the expansion of aquaculturejay

be described aan institutional conflict, whre there is aequirement by the Portuguese Agency of

the Environment, to reserve coastal areas with good quality sand so that sand is available for beach
nourishment of economically important toutibeaches.

3.6.5. Issue 1- Licensing procedures (stakeholder feedback)

Figure3.8 is an organogram showing the m&hate institutions involved in aquaculture licensing
in Portugal. DGRM is responsible for coordinating the various procedures related to licensihgs bu
also important to understnd that depending on the liceaaequired the dominant entity can
change. Thus, for example, DGiaxesponsible for granting a liceador depuration facilities for
bivalveproduction whereasAPAis responsible for graimg licercesfor longlines in the open sea.
Theadministrative system associat&dth aquaculture activities in Portugal is show Figure3.8
and an example from one mussel produceith 42 licenes to date in shown irFigure3.9.

COORDINATING INSTITUTION

PROMAR
Operational programme
for Fisheries

< I
FUNDING AGENCY

AUTHORISATION AND LICENSING INSTITUTIONS

Figure3.8. An oiganogranmshowing the maintate institutions involved in the licensing
processfor aquaculture in Portugal.
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Figure3.9. An example of the licases required by a single offshore producer for bivalve
aguaculture (with thanks to Finisterra Lda).

3.6.6. Issue 2- HABs (stakeholder feedback)

Harmful algal blooms (HABs) are affecting the expansion of aquaculture offshore. For monitoring
of HABs, IPMAHe Portuguese Institute of the Sea and the Atmosphere), is the official agency
responsible for monitoring toxic gde, but they have had to adjust to the rapidlingdemand for
their services.

One excellent innovation has been the development of online maps for the country
(https://www.ipma.pt/pt/pescas/bivalves/index.jspshowing which regions and which species along
the coast are affected by closure orders due to high toxin levels from HAB$e3.10is an example
from the IPMA website that includes the monitoring zones for the Algarve cblaistis an essential
activity for public health and for the credibility of the industry. Nonetheless, there are criticisms: one,
the spatial range of the monitoring zones are considered too |&gpi(e 310) because any toxins
identified in any part of a ggific zonenecessitates thelosureof the entirezone, even if samples
from another section of the same zone are clear of toxins; theresponse timdor decisions
related to specific samples can cause problems for the industry, bothdlosare delsgswhena
producermight be sellinggontaminatedproducts todelays inre-openinga zone, therebyesulting in
losses for the industrgssalescannot be resumed
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Harvesting of only some
species allowed along the
coast

. Harvesting of all bivalves
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T ) | Harvesting of all bivalves
Leaflet | Im © ESRI, Fonte © IPMA 2014 .
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https://www.ipma.pt/pt/pescas/bivalves/index.jsj 4. | Harvesting of only some
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estuaries/lagoons

) | Harvesting of all bivalves
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Figure3.10. An example of the IPMA map that are produced wegkighow zones along
the coastthat are subject to officibclosure orderslue tophytoplankton toxins. Note that
the specific zones (e.47c, L8 etg may extendor several kilometres.

Even without the potential changes from climate change, the oceanographic conditions along the
Algarve coast can alteigniicantlyfrom yearto year,which provides a substantial challenge to
managing offshore concessions to produce suitable pradfioctthe market. For example, in 2014,
the area was dominated by high productivity lthere wereextensive closures due to toxnwhile,
in contrast, 2016 was dominated by higher temperature waters with lower productivity so that the
condition index of the musselsasoften poor. In both these situations businesses were unable to
satisfy their clients requirements.

3.6.7. Issue 3- Disease (stakeholder feedback)

Disease events have been reported especially at the end of 2015, when a mass mortality affected
oyster production in the intertidal area of Alvor and oysters produced in offshore aquaculture at
SagresFigure3.11 shows some iages and comments from the local media. The aquaculture
producers have been confused about who has responsibility for what and whether there are any
compensation funds, similar to those for the agriculture industry.
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Figure3.11- Regional newspapers witleferences to disease effects in oyster
aguaculture

The regional directoof the General Directorate for Veterinary and Food SecbBAVpf the
Algarve clarified many of thesssue during the APA symposiunMiay 2017,n Setubal. There are
onlytwo bivalve diseases for which there is compulsory disclo®maamia ostreagwhichaffects
mostly flat oystersand Martelia refrigensin mussels and flat oysters (Tal3lé). There i
monitoring gan for the detection of these diseasdstailingthe sampling sites and number of
individual bivalves that should be analysédthe case of offshore production, 1%ivalvesshould
be sampled for a single species production, ahimcase of oysters and mussels grown together 75
individuals of each speaxs. Although other diseases may affect stock species, only those diseases
specified inEU legislatiomre investigated byRate institutions, which in Portugal is the reference
laboratory of the Portuguese Institute for Sea and Atmosphere (IPMA). Portogdd also like to
includePerkinsusp. which causes considerable mortality within their valuable clam ind(stgy
Ruditapes decussatabut as the species is not commonly farmed in otheMgthber State it is not
included in EU legislation.

41



AquaSpace 633476 D4.2

Table3.6. Compulsory disclosure of naxotic diseases in Portugal (adapted from DGAYV,
2015)

Sensitive species

PT) Vector species

Non-exotic diseases

Common cockleGerastoderma edule)
Banded wedge shigfDonax trunculus
Sand gapemya arenarig

Hard clam Mercenaria mercenarija
Common orient clamMeretrix lusoria

Cross cut carpet sheR(ditapes

Bonamia ostreae European flat oystej decussatus

(Ostrea edulis Manila clam Ruditapes philippinarupn

Golden carpet shelMenerupis aurea
Pullet carpet shll (Venerupis pullastia
Warty venusYenus verrucoga

Kingscallop Pecten maximys

Common cockl¢Cerastoderma edu)e
Banded wedge sheglDonax trunculus
European flat oystel Sard gaper Mya arenarig

(Ostrea edulis _
Hard calm Mercenaria mercenaria

Common orient clanfMeretrix lusoria

Cross cut carpet shéRuditapes

Marteilia refringens decussatup
Common mussel Manila clam Ruditapes philippinarujn
(Mytilus eduli Golden carpet she{Venerupis aurea

Pullet carpet shellVenerupis pullas#)

Warty venugVenus verrucoga

With regard to theOsHVL1 pvar QOstreid herpesvirus 1 pyaa monitoringprogrammewas
implementedin 2016for Crassostrea gigasy the DGAMnN response to the massive mortalities of
2015. Factors such as temperature {24°C), salinity, ydrodynamic conditions, and the presence of
Vibrio aestuarianuareindicators forthe occurrence of mortalities. Although the disease does not
require compulsory digosureunder Directive 2006/88EC onanimal health requirements for
aguaculture animals and products thereof, and on the prevention and control of certain diseases in

42



AquaSpace 633476 D4.2

aguatic animalsa MemberSate may implement measures to stop the introductionocantrol the
disease where there is a significant risk to farmed or wild atsrfDGAV, 2016). For this monitoring
programme a number of sampling stations have been establiskea Formosa, Ria de Alvor, Ria de
Aveiro and Sagres region (offshoreEjgure3.12). After a suspectedase orconfirmation of disease
the DGAV wilkkondwct an epidemiological survey, sampling 150 individuals for laboratory analysis,
and send it for further etiological agépathogeninvestigatiorsin the national reference laboratory
at IPMA.
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Figure3.12. Samplag stations for the monitoringf the Ostreid Herpesvirus(source: DGAV,
2016)

Nonetheless, there is a perception amongst all stakeholders that the current procedures for
disease management in Europe is problematic and that it might be beti@ddpt thesame
approachas Norway introduced recély, whichlistsinfectious diseases of aquatic animals based on
the following principal factoréVKM, 2015):

w GKS AyFTSOGA2dza yFddaNE 2F (KS RA&ASI&SEI
w GKS O02yaSljdsSy0Sa 2F (GKS RAaSpulatbns;F2 N Tl
w GKS FSIFIarofsS LlaaroArfAlirasSa F2NJ RAaSIkas

3.7. Relevance of the case study within AquaSpace

A striking aspect dhe Algarve case study is that, in contrast to many other EU countries, space
has been made available for aquaculture, buhae pressingproblem is to provide tools to use this
space effectively.
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From the questionnaire results, in Part |, it is evident tlinet process to obtain licees for
aquaculture activity is still the main conceshinvestors. In recent years, the Portugse authorities
have been working on improving this process, with the hope of reducing thetaikes tolicence
from 3 years to 3 month®ther aspects are related to the environmental and technical limitations;
this means that is necessary to strengthemd improve the transfer of knowledge and kndaw
being generated at universities and research centres on aquaculture. The respondents also consider
that the regulations are ineffective/undeveloped gas important that the responsible entities
developregulations in collaboration witmdustry stakeholders.

Themain factorsnegative impacting upoimvestmentin aquaculturein Portugal were identified
as:

i) Difficulty/slowness to obtain permissions;
i) Environmental and Technical limitations;
iii) Ineffective/Urdeveloped regulations.

The most important incentives tencouragenvesmentin aquacultureput forwardby the
respondents were:

i) To increase production;
i) To increase economic income and sustainability of busasasd
iii) To sipply the markets with highuality products.

The most important legislation regulating aquaculture in Portugal:

i) National legislation;
ii) Maritime Spatial Planning Directive;
i) Water FrameworlDirective and Common Fisheriesliey.

The environmerdl related Directives suclasthe Birds andHabitats Directiveind the Marine
Strategy Framework Directive were not consideasdmportant

The priority measures necessary to encourage development of aquaculture in Poxteigal
identified as being

i) Pre-establishment of suitable zones fog@aculture.

1)) Regional programes for environmental monitoring anthe implementation ofcontingency
and biosecurity plans;

i) Development of a specific insurance plan for aquaculture

3.8. Conclusions and future prospects

There is a clear strategy for develogiaffshore aquaculture in Portugal specificétlybivalves
Thereis also a clear objective significantly increasthe total production of aquaculture. The
governmenf & { I NdBuBIE production 8 the year 2020ith a total production of 2@00
tonnes Significant investments have bearadein offshore production systems along the Algarve
coast and although the designated investment programRRROMARhas endeda new programme
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OMAR202@ was launched in October 2018eghttp://www.mar2020.pt). This new operational
programme will evaluate the applications and attribditedsfor new aquaculture investment, ith a
total of €78 million available

Nonetheless the licensing process for aquaculture is still slow and can take years; this aspect was
highlighted during the stakeholder consultatioas negatively impacting dature aquaculture
investment. The government is still working on reducingttires taken tolicence farms ad expects
to bring it down tofour months Already somemportant steps lave been implementeda gad
example is the websitkttps://eaquicultura.pt/ whichshows areas available for aguaculture, also
there is additional information for investo®veringlicensingaspects In thisonline platform there
is reference to Decrekaw n.° 40/2017published on the @ April 2017 which introduces aew,
simplified legal regime for licensing development of new aquaculture concessions.

Historically, offshore aquacultuggroduction in theAlgarvehas not been significantith few
concessions and therefore with no significant conflicts, but this situation is changing rapidly with
increasingnvestmens in the last fivgrears (sed-igure3 and Table 5). In 2017, there applications
for three additional area®f maritime spacen Portugalfor use by aquacultureThese areas are
currently open to consultation from the public. One of these applicatiofa ifor the production of
the bivalves Ostrea edulis, Crassostrea angulata, Crassostrea gighBecten maximyst a two-
hectaresite for a period of 1G/ears. This site is situatedfshore fromthe town Albufeira in the
Algarvelnthe near future it is expected that more conflictsth other coastal userwill arisealong
the coast with the expasion of areas designated for aquaculture

One importantaspectthat the AquaSpaceroject has highlighted is thendamental interest
among stakeholders, in clarifying theensing procssand the entities responsible (e.gigure3) and
showingexactlywhat entity is responsible for which liceacOne stakeholder hahownthat it
currently holds 42 liceres and there are still some missirsgéFigur®). Although DGRM is
responsible for coordinating the licensing presdt does not have powers ovene other
institutions and it is also important to recogaithat for some licenses specific institutions have the
over-archingresponsibiliyi.e. it dependson what the licence allows here are other areas such as
disease legislatigrompensaion andinsurance for extensive mortalities (efjg 11), wher¢he
AquaSpaceroject hashighlighed that spaceallocated foraquaculture should be useakseffectively
as possible and identified throughcallaborativeeffort with all stakeholders.
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4. BASQUE COUNTRY, SRAI

Ibon Galparsoro, Joxe Mikel Garmendia, Arantza Murillas, Leire Arantzamendi, Luis Lagos, Kemal
t PYFNBFEOPE WEPBASNI CNIryO23x #y3aSt . 2NEBI

Partners involved: AZTI (LeadLUEFARM and NOAA

4.1. General characteristics

The Basque Country has a long historthanfishing industryfRdlo and Borj&2004) and it is one
of the biggest consumers of fish and shellfish products in Europe. Historically, aquaculture has not
developedto its full potential due to a number of different factors including environmental and
technological limitations. During the last decades, fishing activity has experienced a large decline due
to the reduction of biological resources, which has translated into a redutieffort (number of
days at sea) anthe total number of commercial vessalperating This trendwasrecently
confirmedfor the years2008 to 2014, by the European Commission in its 2016 Annual Economic
Report(STECF, 2016

The declinén fishing activity has led to new initiatives for the development of aquaculture as a
means of maintaining ecosystem sendgeenarine food provision, supplementing the artisanal
fishing incomes and promoting divéisationin coastal areathat are economicalhdependent on
fishing. Nowadays, open ocean production offers a new perspective for the marine blue economy in
the Basque Countrythe Basque Country Government has exclusive responsibility for the
managementnd implementation of aquaculturd.o this end, the Directorate of Fisheries and
Aquaculturein the Department of Economic Development and Competitiveness of the Basque
Government, in collaboration with various institutional stakeholders in the Basquet@phas
developed the "Strategic Plan for Aquaculture Development 201 H (Jaérlaritza and Vasco
2014). Within this plana series of measures and actions for the development of this activity in the
Basque Country are proposed. One of the actions concem&gvelopment of offshore
aquaculture”, allowing for extensive production of marine species for strategic sectors of the fishing
and food industry and which is expectedf&wvourablyimpact the Basque economy. In addition, the
Basque Fisheries Local AatiGroup (FLAGItsas Garapen Elkartgdarine Development
Association)created in 2016, also promotes the aquaculture sector as a way of achieving coastal
diversification, by including it as part of its strategic plar§(a 2 f dzOA sy wmMp R& ewdz A 2
el BOPV N° 153, 12/08/2016).

The Strategic Plan for Aquaculture Development 20020, embedded a process of spatial
planning, which contains a Scoping phase for the identification of the species and technologies to be
implemented; and a Zoning ar@lte Selection phase. In this phase, critar@aestablished and
agreed; once suitable arease identified, specific studies were performed to assess the
environmental and socioeconomic impact the establishment of aquaculture in the selected zone.
This information was then used during the licensing proc&s& aquaculture management area was
established in 201BOPV N° 9 del 15 de enero de 2D16
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4.1.1. Geographical and biological context

The case study is located in the coastal zone of the Basque Country, in the northeast of Spain,
within the Bay of Biscay (Figu#el). Although aquaculture has not yet been conducted at industrial
level, mussel production expienents have beerarried out which haveprovided insights to its
possibleproduction capacity and economic performaringhe area. This makethe case study
highly relevant as it will be a testing zone grdvides arexample of the viability of offsher
aquaculture for other Atlantiévrc regions.

The license@quaculture zonés 567ha (3,140 m x 1,400 m); although thiable productiorarea
is 214ha, the total area of occupation is 28@. Within the area are 52 parcels for aquacultufée
areais lacated m soft substrata, within a depth range of 20 and 50 m (Figu2® The aquaculture
siteis within 2.16 and 4.17 nm of the ports of Ondarroa and Mutriku, both of which have appropriate
vessels andnshore infrastructure to construct, deploy, and giee the longline installation.
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Figure4.1. Aquaculture site (pink circle) within the Basque Country coastal zone and the spatial
distribution of the main maritime activities and administrative boundaries. MPA: Marine Protected
Areas.

The Bay of Bisy is well known for its highnergy sea condition&Gonzalezt al. 2004).
Therefore, it presents structural and operational chajjes for open ocean shellfish farming
(Rodriguezt al. 2014). Specifically, according to the data recorded in the Basque Courtigshigh
wave heights in storm and extreme conditions (9.5 and 11m, respectivelypagdvave periods
(16-22 sec). The maximum wave height over a pedb80 days per year is 2.4.1Ror a frequency of
5 days a year the wave height wet are between 3.5 and 3.8, mnd one day a year values reach 4.8
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metres. More specifically, the arealseted in the Basque Country (Mendexa) is subject to somewhat
lower wave energies than much of the Basque coastline, and is therefore a good choice for initiating
a pilot progranme.

The tide in the Bay of Biscay is semidiurnal, with an avdragght of alout 2.7m and a
maximum heightf 5m. Along the Basque coast the average tidal range is aboutriegmtides and
almost 4 metes at spring tides. The annual maximum range exceeds1{&Gonzalezt al. 2004).
Currents are remarkable, with the average annealie of about 8m st and themaximum value
(extremal) in 4@m st to 15m depth. Monthly mean temperatures range from 12 °Cidgrthe
coldest periods to 21 °C during the warmest periods.

Flat and sanglbottom seabed conditionbave been selected (few placksfil adequate
conditions in the Basque continental shelf for aquaculture act{@gparsorcet al. 2010). The long
edge of the rectangle is oriented along the coastline in a Northwest to Southeast direction and
depths range from approximately 30 50 m. Actual growing depths may range from 7 tor80

Initially, studies have focused on shellfish species, muddgtis sp.) and oysters, among
others. These species represent some of the most popular locally occshétifishin the region.
However, every cultivated shellfish product consumed in the region is imported.

Licensed aquaculture site &
[—J Aquaculture parcelling :

0 500 1,000m

Figure4.2. Licensed aquaculture site limits (yellow rectangle) and spatial distribution of the 52
parcelswhich longlines will be installed.
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4.1.2. Social and economic context

Inthe Basque Couny, the lack of adequate spaaethe littoral zone, the water quality for
maritime and/or recreatioal purposes and the lack of industry interest and/or need for diverse
aquaculture production activities, limit marine aquaculture develepmThelevels of overfishing
and declining catch volumes of commercial fisheries in the Bay of Bilrapnstrateghe need to
find alternatives that can help diversify extractive activities and generate new products and
employment within the marine s¢ars of the Basque Countfizusko Jaurlaritza/Gobierno Vasco,
2014.

The coastal region of Basque Country presents huge challenges regarding competing uses and
ocean and weather conditions. However, the deep cultural roots of the maritime sectors and
commerciaffishing, reinforce the interest of exploiting any productive activ@ffshore aquaculture
activities were defined in the Master Plan for Aquaculture of the Basque Cqusko
Jaurlaritza/Gobierno Vasco, 2Q1as an opportunity for economic diversificatifnom fishing linked
to the use ofaquaculture During site identification and selection procesa geospatial analysis of
the other uses of the selected site was conducted and included fisheries, sand extraction, recreation,
and a disposal ardfar dredgedmaterial, as well as ecologically and culturally sensitive areas.
Artisanal fishing was identified as the main sector that could be affected by the creation of an area
exclusively for aquaculture. The Regional Government has validated the possibilitjulirgx
fishing within the area of the polygon through a commitment to shared management and benefits
GAGK 20t caadiaQSENR Y JdAh YREHE KO W ¢ Kvbichlreprdsentthed Ij dzS F
interest of all guilds present along the Basque toa® also involved under the executive advisory
of the ltsas Garapen ElkartddLAG which is trying to promote aquaculture activity, but is also
assessing the potential conflicts between artisanaldi@@sand aquaculture.

(¥p))
-1,

4.1.3. Economic framework for the fut ure development of Basque

aquaculture activity

In this section, a general view of the national maritime economic activities in Spain is provided.
This analysis was developed by Fernaretesd. (2015 by assessing the contribution of maritime
activities to the Spanish economy in terms of value added and employment. This overall analysis
includes the contbiution of the Basque activities to maritime activities in Spain, (the aquaculture
sector which is now under development was not included as no official economic dataiexists,
economic outcome is not included as part of the Gross Domestic Prodinet)eason for introducing
this Spanish related information, is in order to gather knowledge about the role of the aquaculture
sector in the global Spanish maritime economy and to show the position of this activity at national
scale and in relation to the Atléin Arc. It is not possible to extrapolate the potential growth rate
associated wittBasque production from the Spanish or Atlaméites Bothratesare included
because they represent the framework under which the potential Basque activity will be gedelo
that is, the economic contextithin which the Basque activityill have to exist in fture. It is
important to note that a specific Action Plan for Blue Growth in the Atlantic region exists, and the
Basque case study will be framed within this cohtex

Within this framework, he main sectors related tamarineliving resources (including marine
fishing, aquaculture, processing and preserving fish, crustaceans and molluscs, wholesale and retail
sale of fish, crustaceans and mollusgd)sship and boabuilding and maritime transpotbgether
account for 1.10% of all employment in Spain, and 0.67% of the value added. In terms of both value
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added and employment, it can be seen that the most important sector in the maritime economy is
living resources, whin which the key activity is the sale of fish, crustaceans and molluscs; this is
followed by maritime transport, with shipbuilding playing a smaller role. However, in terms of
productivity, maritime transport is in the leadjth living resourced®eing essproductive. In marine
aquaculture, the value added increased between 2008 and 2011 at an annual rate of 20.8% in Spain,
and 17% in the Atlantic Arc. This increase in value added was not accompanied by an increase in jobs,
employment fell to an annuahte of 6% (10% in the Atlantic Arc), while the number of enterprises
remainedrelativelysteady, at around 5,000. In parallel, production increased from 2008 to 2011 by
11%, reaching more than 273,000 tas. Notably, 79% of the employment and 53.5% ofdterall
production in aquaculturén Spainis generated in the Atlantic Arc.

19,913 peop were employed in aquacultur@ Spain in 201hichaccounted for 5,946 annual
work units. In marine aquaculture (excluding mussels and shellfish) the numbestifigxiirect
fulltime employment in 2015 was 1,900. This figure represents an increase of 1.9% from 2014. The
greatest number of establishments consist of punts and "limegs" (6,657), in which vertical crops
of mussels and other shellfish ageown. Thesecond major group of establishments is growing sites
at beaches, intertidal zones and estuaries (1,152). Other establishments that grow in seawater do so
in onshore facilities (78) or in nurseries (cages) at seadAFROMAR, 2016

4.2. Spatial planning and management issues

4.2.1. Management and environment is sues

The designation of the aquacultusiteswas promoted by the Basque government under the
strategy for the diversification of marine socioeconomic activities.

To encourage the development of economic activity in the coastal zone dfMthgtime
Terrestrial Public Domaibetween Ondarroa and Lekeitio (Bizkaia, Basque Country), an aquaculture
productionsite was proposed between the Ondarroa and Leketio municipalities. Each installation
phases othe cropping system in the study area must provide d@tumentation to the Basque
Government (project construction, analysis of technical and economic feasibility, environmental
studies, etc.). The Basque governmithe competent authority fopresentinghe project in the
Spanismationalgovernment and the applicant orgasation will paya fee forusing spacevithin the
Gal NAGAYS ¢SNNBAGNAIE tdzof A0 52YFAYyEd

During site selection, different criteria were considered. Both environmental and production
suitability as well the legal framework and conflictshwatther existing activities were considered. All
of these aspects were analysadthe Environmental Impact Assessment (EIA) of the marine
aquaculture facility and the complementary studies needed for authorisatidhe aquaculture
activity.More speciftally, offshore systems for bivalve production (e.g. longlines or rafts, submerged
mussels, oysters and clams) are charasgeriby their high production capacityigh finalproduct
guality andcoping withenvironmental regulations of the competent pubdidministration (i.e.
Ministry of Environment and Europe). The muddgtilus galloprovincialigLamarcki819) is a native
species of the Basque Country. European exploitation of mussels is justified by their appeal as source
of food (EATIP, 2012).

The identified on-growing (production) system in the open sea for this species in waters of the
Basque coast is already known. AtlBvel, the systentomes under the scope of amganic
aquaculture system (Regulation EC 834/2007 on organic production), dgleaviimpact on the
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environment and its possible positive contribution to other aspects of marine ecological interest
(biofiltration, uptake of C@) etc.).Thecumulative impacts assessmeound the activity has

moderate impactDue to the aforementioné aspectsof the production site it is considered as

LINE RdzOAy 3 Gl OOSLIit of Sich&yh@dmilBnterndittifeliconteptOfe y 3S ¢ = 4
ecosystem approach to aquaculture (EARYO, 20102013 Sotoet al. 2008).

4.2.2. Aquaculture species, types and systems in the area

As stated before, there isurrentlyno industrialscaleproduction but the process for its
production has started. The production will focus on shellfistiially musseldytilus
galloprovincialiand oyster¥cultivated in submerged longlise

4.2.3. Spatial use and conflicts with other activities and sectors

The main sector affected by the creation of areas exclusively for aquaculture is the fishing sector.
Artisanalvessels that used to fish in the current aquaculturetaloe zone, as well as (to a lesser
extent) the artisanal vessels that used to cross the area to reach their fishing grounds are affected.

4.2.4. Statistics for production

Pilot production and estimationsave been calculatediaa two-year experiment with mussel
Mytilus galloprovincialisThe calculations are as follows:

Estimated average annual production: 4hhesha’
Estimated maximum annual production: Ghhesha®
Estimated total average annualgatuction: 2,08@onnes
Estimated total maximum annual production: 3,12@nes

Physical carrying capacity, Production carrying capacity, Ecological carrying capacity and Social
carrying capacity were also considered when calculating the production niadakt al. 2016),
which was needed for thEnvironmental Impact Assessment.

4.2.5. Industry investment analysis

The principal investmerfor this systenrelate to mooring needs, ropes, buoys and vessels for
operational activities (the last item can be addressed by reusing existing vessels fromitige fish
industry). The suppliers of the above items are all present in the Basque Country. The engineering
requirements for mooring calculations, projecting production and needs (i.e., food availability in the
water column) arealsoavailable. Offshore aquadute is a novel food production activity along the
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southern Bay of Biscay coast and related studies are scarce (note that mussel production in Galicia
OFyy2iG 0SS GNBIFGSR I a 2 7T rajestidite]systemsh durrentlyithét & G 1 S a
mostcomplete studies available for the Bay of Biscay are the ones cited in this report. However,

these studieprovidean adequate understanding about the offshore zone for use in the case study,

thus they are considered as a baseline for this work.

Studiesconducted in 2010 concluded that the right to develop bivalve production in the open
sea area on the coastal stretch between Ondarroa and Lekeitio should be gréitted species of
invertebrates (e.g. clam, sea urchin, sea cucumbers, octopus,cedd,also be of interestThe
deep cultural roots of maritime and commercial fisheries reinforce the interest and possibilities of
exploiting production activities that can be done in a sustainable and economically viable manner
(Eusko Jaurlaritza/Gobierno Vasco, 201n fact, offshore aquaculture and its associated activities
were defined in the Planfer Fisheries and Aquaculture of the Basque CoufiEnsko
Jaurlaritza/Gobierno Vasco, 2QMendiolaet al. 2008 as an opportunity for economic
diversificationfrom fishing.

Identified needs that could baet through the development afquaculture:

() The need for professional alternatives to the fisheriest@e species of commercial interest
should promote new approaches poductionactivities (such as marine aquaculture);

(i) The economic need; the designationaofiew aquaculture productiosite is expected to
stimulate private investment capital (local imternational) in new business opportunities
associated with aquaculture;

(i) The need for employment; new business/sector opportunitiesyleadto a re-
generation/diversification of employment in the agfisheries, food, water and services
sectors, mainlyre-employment of fishing professionals, opportunities for graduates and
Technical high school graduates, machinists, welders, skippers, divers, etc.;

(iv) The need for food mducts or biomass supplies; tkenes facilitateproduction of new
aguaculture specig food products for human consumption or raw materials; as well as the
incorporation of new food productsito the local seafood value chawith well established
distribution and market channels, and;

(v) The need to promote a good sogimlitical image: tle aquaculturesite and its activity will
promote the image of the Basque Country in the areas of the Common Fisheries Policy (CFP)
(Council regulation (EC) no. 2371/20@2d (nternational) European sustainable
development as well as in local circles (commitment to the primary sector and generation of
natural, healthy and innovative products).

4.2.6. EU, national and local policy

EU policy

The main framework for Maritime Spatial Phang (MSP) is Directive 2014 (89/EU (MSP
Directive)European Commission, 2014

Commission Decision 2010/477/EU approves the criteria (and associated indicators) to be used to
assess the degree of achievement of good environmental status (GES) of an area in relation to the 11
descriptordisted in Annex | of the Marine Strategy Framework Directive (MSFD; 2008/56/CE)
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(European Commission, 2008 the initial assessment of the Spanish Nétlantic area

(MAGRAMA, 2072it was indicated that the activities of aquaculture and mariculture in the area can
lead to pressureshpacts that may affect 7 out of the 11 MSFD descriptors: biodiversity, non
indigenous species, populations of all commercially exploited fish and shellfish, food webs, human
induced eutrophication, sefdoor integrity and contaminants in fish and otheasgod for human
consumption.

The activities in the aquaculture zone have associated pressures. In this sense it is important to
consider the potential impact of these pressures on the ecological and chemical state of the coastal
waters under the Water Fragwork Directive (WFD, 2000/60/HEuropean Commission, 2000
Aquaculture could directly affect the characteristics of the substrate and therefore indirectly affect
the benthic community.

According to Regulation (EC) No 854/2004, sampling plans for the presd¢oxia-pfoducing
plankton in production waters, must take into account the possible variations in the presence of
plankton containing marine biotoxins. The monitoring of pollutant concentrations is covered by
Regulation (EC) No. 1881/2006.

National policy

Maritime spatial planning has not yet been implemented in Spain but the transposition of the
MSP Directive has been completed (Ministerio de Agricultura y Pesca, Alimentacién y Medio
Ambiente.Real Decreto 363/2017, de 8 de abril, por el que se estaltecrco para la ordenacion
del espacio maritimo. Boletin Oficial del Estado, 66, 11/4/2017, pp. ZEEID).

National marine objectives and legislation related to spatial management of activities in the
marine area, are sectoral and do not consider iat&ons between different activities. Spanish
regions may also have different regional social and economic interests and also objectives affecting
their territory and specifically their littoral and marine space. These differences may also arise in a
north-south division, thus in regions located on the Néktlantic, the Mediterranean coastline of
Spain and the Canary Islands. The main instruments used in Spain for the ordination of the littoral
space are:

@ [AGG2NIE hNRAYFGAR2Y tflya

w DdzA RSt Argirfation of tReNérriioklyS 2
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The regions of Galicia, Catalufia, Basque Country, Principado de Asturias and Canary Islands have
been very active in the elaboration of regional strategic plans and specific instruments for spatial
ordination and also for guidance or studies for zoning of their marine space for aquaculture.

The development of these plans and studies related to theatrdn of the littoral and marine
space for aquaculture still demand a lot of coordination work by the Spanish government. This
coordination must equally account for all the regions, and require them to achieve the agreed
202S0GA0Sad LGuiddlifed an cri@@gayfoil td-séléction # & establishment of zones of
AYGSNBaG F2NJ Fljdzr Odzf GdzNB Ay { LI Ayé H6SNB St o2NIF
Multiannual Plan. It was intended to be used as a tool for the regional administrations and
aguaculture industry investors in the selection of suitable sites for aquaculture and therefore,
facilitate expansion of aquaculture production in Spain.

The InterMinisterial Commission on Marine Strategies (CIEM) was created in 2012. CIEM is a
body designe to coordinate the activities of the different Ministerial Departments of the Spanish
government. It was established by Royal Decree 715/2012 of 20 April 2012.
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Spanish law 41/2010 lays out the general principles for planning in the marine environment
through the preparation, adoption and implementation of the Marine Strategies.

Regarding aquaculture activity, applying for and obtaining permits and authorisations granting
public maritime domairspace for aquaculture, has to be carried out by the MinistAgoiculture,
Food and Environment (MAGRAMA).

Local policy

Competencies for maritime and coastal affairs are shared between central and regional
governments.

Sea use and the management of maritime activities in the Basque Country is carried out by the
Smnish Government. Based on the Spanish autonomous system, competence for fishing regulation in
territorial waters is shared between the Spanish State and the Basque Country Government.
Therefore, the Basque Government is responsible for fishing regulttiche internal waters
(Arregi etal. 2004). The Basque Government has also adopted other initiatives for managing sea use
such as, the establishment of a renewable energy extraction platform (Biscay Marine Energy
Platform; bimep) and the declaration wfarine protected areas within the area of competence.

Aquaculture is one of the sectors for which the Autonomous Community of the Basque Country
has exclusive competence. For this reason, the Fisheries and Aquaculture Department of the
Department of Econoit Development and Competitiveness, in collaboration with the various
institutional agents of the Basque Country, have prepared the regional strategic plan for the
development of aquaculture activity for 202820. Other relevant legislation relates to the
protection and sustainable use of the coast (Law 2/2Q@8PV, 2013and the law that regulates
matritime fisheries (Law 6/199§BOPV, 1993

Under the requirements established by Regulation (EC) 854/2004, the Department of Economic
Development and Competitiveness of the Basque i@mant issued an order on the declaration of
the coastal zone between Ondarroa and Lekeitio (Order of January 8, 2016) (Figures 1 and 2).

4.3. Stakeholder engagement and participation

Relevant stakeholders related to different aspects of aquaculture actoidtyelopment and
performance were targeted as part of this case study. The aspects that they engaged with included:
legislation and management of marine activities and sectors, environmental and other social aspects,
and the specific technical issues telhto aquaculture. Hence, the main stakeholders in the
promotion, licensing and management of aquaculture in the Basque Country were identified. Only
the stakeholderslirectlyinvolved in one of the previously cited aspects of aquaculture were
included. hese included national and local administration authorities, managers, promoters,
researchergrom universiies, fishermen associations, education, etc.

The output of the collaborative wortonducted in associate withese stakeholders was tire
views onthe mainconstraints tocaquaculture in the Basque Country. The most relevant issues
identified include:

- An overview ofstakeholder perspectivgeon the current state obpen sea aquaculture in the
Basque Country;

- Limitationsfaced bystakeholders and promnters, and;
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- Feedback from stakeholders on the new tools developed in AquaSpace.

The aforementioned issues were addressed in the context of two agmiorkshops and a
guestionnaire that was distributed to stakeholders who could not attend the workshop.

In total, 27 stakeholders participated. The first workshop was held 8rDEzember 2015.
Eleven stakeholders attended the workshop. During the workshop, the AquaSpace project was
presented, including the background and main objectives of the projectiratd specifically the
importance of engaging local stakeholders in order to identify the main issues and aspects in the
promotion and expansion of aquaculture based on their experience.

The second workshop was held orf"lNovember 2016 Twentyone stakehdders attended. In
this workshop, the tools developed in AquaSpace were briefly presented, focusing mainly on the
functionalities of the tools and their applicabilify aquaculture planning and development.
Feedback on the applicability, willingngssuse them andthe identification of new functionalities
were requested from the stakeholders through a questionnaire.

4.4. Tools used in the case study

4.4.1. Description of tools

Different tools have been implemented and utilised during the aquaculture site seleation
subsequent analysis. For site identification and site selection for offshore aquaculture, hydrodynamic
modelling approaches were mainly used in order to identify the areas that were more sheltered and
in which longlines could be installed. Apart frainat, the other tools that were used were mainly
based on GIS analysis in which infation regarding seafloor typelepth and other environmental
layers were used to apply the selection criteria. GIS tools were also used for the analysis of
interactions wth other uses by simple spatial overlapping/intersection analysis.

4.4.2. Application of the tools

The tools were implemented at case study level to assist with the main issues cited above (i.e.
site identification, analysis of conflicts and tradf analysi$. During this process, the tools were
tested, and specific recommendations for the AquaSpace tool development were transferred to
WP3. Finally, the AquaSpace tool was used (for the first time in the Cantabrian sea) to identify the
areas that could potendily host offshore mussel production
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4.5. Case study results

4,5.1. Stakeholder output/feedback

Stakeholders provided their vision and perspectives regarding the potential expansion of
aquaculture activity in the Basque Country, these are related to: (i) paligs, regulations and
institutional issues, (ii) the environment, (iii) other uses/sectors, (iv) socioeconomics, and (iv)
aquaculture and dter items (tools, etc.) (Tabkel).

4.5.2. Policy, norms, regulations and institutional issues

In relation to the issuethat make open sea aquaculture in the Basque Country less attractive for
investment, there is general agreemethat this relates tahree mainissues (technical and
environmental limitations, longerm investment, and lack of associated infrastructures).

Sakeholders related to onservation angublicadministration (Government) (whiclwould be
expected to beopposedperception3 are the ones that gave the mosirsistent esponses related
to less attractive items (mentioned above) and priorifiesaquaculture (to increase economic
income and business sustainability).

Generally, stakeholders rarely agreed, and they gave different responses on the objectives and
prioritiesfor aquaculture.

The different sectors are aware that aquaculture activity istéidicontrolled/regulatedto some
extent by EUhorms. Specificallfhere is agreement that Eehvironmental legislatioheavily
influencesthe development of Basque aquacultuidowever, there is a lack of regulative measures
at the local scale.

Furthermoe, it is interesting that the HabitaDirectivewasrarely mentioned. Thimay be
because theespondentsare more aware of the production @conomicperspective.

Finally with respect to theBasque Country Strategic Plan for Aquaculture Developmente som
good aspectsvere mentioned byresearch stakeholders (the Strategic Plan establishes the
background for promoting public and private initiatives; and it trieplamthe space allocated to
aquaculture, thus, it is a first attempt to facilitate the eslishment of a policy that promotes
aquaculture development, the challenge is to maeeards implementatiof. Good aspects
mentioned by pomoters includethe significantBasque Countryesources foaquaculture activities,
and the Strategic Plaenables hose activities to beonsolidated and carried out with success. Good
aspects mentioned bthe representatives from th&dministratiors included in addition to creating
structures for participation, ifacilitates forwardplanning and provides the necesgaesources to
attract and fund new projectdHowever, onaveaknessighlighted byresearchstakeholders was
that the plan does not clarify the ways in which promoters and entrepreneurs can access assistance,
information etc. These responses seem tafiftuenced bythe particular interests of each sector;
this is especially evident in the case of the Promoters.
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Table4.1. Description of the stakeholdefivorkshop and feedback and output.

Case

Basque country
Government

(Department of
Agriculture, Fisheries
and Food)

TwoNon-Governmental
Organisations

(Regional NGO, Local
NGO)

Industry
representatives(two
promoters)

OneEducation
organisation
(Aquaculture Training
Institute)

contributions
to
questionnaire
s

-Stakeholder participation should be improved to guarantee participation irpthparationof
Strategic Plans (i.e. Local community, conservationists, local institutions, NEallscale
fishermen)

-The ongoing Strategic Plan for Aquaculture is considered a good initiative by all stakeholders.

Aguaculture and environment

-Agreement on the adequaf the selection of the promotiomf open sea shellfish production with
longlines

-Lack of innovation (longlines) and species to be cultivated (mussels and oyster) due to market]
competence.

-Agreement on the general environmental impacts from aquaculture: contaminating afyents
different sources, potential invasive species, sagifoblems (parasites and diseases).

-Agreement on the most limiting environmental factors when initiating an aquaculture activity:
species selected, prevailing oceareteorological conditions, and connection with natural
population (potential disease soug).

Aquaculture and other uses/sectors

-Main conflicting sector with aquaculture development is fishing.

-Measures to avoid or minimize this conflict should be adopted (involvement in the aquaculture
activity or subsidence)

Aquaculture and socioeconomics

study Stakeholders Stakeholder Feedback and output Recommendations from stakeholders
workshop

Basque | TwoAdministration 10n Policy, norms, regulations and institutional issues Measures proposed teolve the conflicts with other|
Country | levels; Spanish De@mber uses and sectors:
(SE Bay | Government (Ministry of| 2015 / Bilbao | -Stakeholders do not share common perspectives on the objectives and priorities of aquacultu
gf_ . égn_culture, fOOd and /27t' oants / , o _ N -Maritime Spatial Planning is seen by

iscay; nvironment), participants -Environmental legislation affeiclg aquaculture: B Directives affect the development of Basque stakeholders as a good framework that would
Spain) 10 aquaculture.

help the promotion of aquaculture activity

-Spatial Planning should be developed to take
into account social, environmental and
economic criteria, aiming, if possible, to
achieve consensus among users.

-It is necessary to declare zones for
aquaculture interest in which the activity could
be prioritized.

-Use of aquaculture facilities as limits for
strictly protected areas, wher e fishing activity
is banned. E.g. the use of longlines as barriers
to limit the entrance of fishermen into
protected areas.

-Better coordination among sectors.

-Spatial Planning should be developed with
good communication and promotion of the
plans.

-Coordinated actions and decisions should be
promoted where the negatively affected sectors
could be identified at an early stage and
become involved in the project to minimize the
negative impacts of decisions, and if possible,
profit from it.
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TwoResearch institutes
(University and a
Research Institute)

OneCAaKSNYSy
Association

-Positive public perception of aquaculture.

-Aquaculture can be an attractive activity; however: there are high (maintenance) costs.
-Favourable aspects of aquaculture activity: recovery of fishing grounds and repopulation.
-Most limiting economic aspeébr aquaculture promotion: high initial investments and market ris

-Current infrastructures, services and logistic of the Basque Country are sufficient to allow
aquaculture activity, although there is a lack of special residues collection faciliiegsn

Aguaculture and other items (tools, etc.)
-Most commonly used tools: GIS, remote sensing and maps.
-Few stakeholders use public sources (or websites) for information.

-There is no interesh addressing the toolsnowledgegaps

-Involvement of the fishing sector in the
business and compensation measures with an
important income from aquaculture.

-Aquaculture activity should be located away
from ports and recreational zones where it
may interfere with bathers.

-Allocation of aquaculture activity within inner
waters in order to limit the use of fishing gear
in this area.

-Strict protection of the marine environment in
accordance with international commitments
and environmental assessment. It is agreed
that a good environmental status of marine
waters are necessary for any existing and
future activity.
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Stakeholders are aware of the administrative burdemvolved in the development of open sea
aquaculture.

wS3IFNRAY3I a0l ]1SK2ft RSNEQ LI NGAOALNI GAZ2Y akdy R Ay @2
consultations o the Basque Country Strategic Plan for aquaculture, three stakeholders (two
Conservation stakeholders and one Promoter) were not invited to take part and did not participate in
the processThose stakeholders not involved in the proces® allentified othersectorsandgroups
that should have been involved the processncluding thelocal community, conservationists, local
institutions, NGOs and smaitale fishermen.

In general, the Strategic Plan for Aquaculture development in thel®@aSquntry is considered a
good initiative by stakeholders. The only stakeholder that showed opposition to it was a stakeholder
involved in conservation.

There is a low level of agreement among sectors about the critical management measures for
aquacultue development in the Basque Country: only two answersli€velop Spatial Planning for
the activity; and theexistence of contingency and biosecurity plans) are shared by two sectors
(Research and Conservation; and Conservation and Administration, reghactr his means that
each sector has its own interpretation of the situation. Considering other critical meaguees:
establishment of suitable zones for aquacultuRe§earcl assistance or training on managemeiit
production bypromoters and fisherran Researc})y environmental monitoring regional
progranmes (Conservationgssistance for training and managemeamnbundaquaculture laws,
ordination and strategy for public Administration techniciaRsofnoters; subsidies for occupying
space to initite the activity (Administration).

4.5.3. Aquaculture and environment

Stakeholdersupportedthe selected aquaculture sittdroughthe Basque Country Aquaculture
Strategic Plan. It should be noted that the Bas@ogernment has been the main promoter of the
environmental and socioeconomic studies that resulted in the selection of the aquaculture site,
production technology and cultivated species. Some of the stakeholders gave negative views.
Regarding the cultivation technology (longlines), research stakehdhitgimghted the lack of
innovation, because it is based mainly on traditional aquaculture; regarding the cultivated species
(mussel and oysters) researchers consider that those species are already cultivated in other very
productive areas and thus they csider that it may be very difficult to compete on the market.
Regarding other potential species, conservationists showed their opposition to fish production
because of their dependency on wild fish exploitation (fishmeal in aquafeeds). In that sense,
conseavationists showed less opposition to longline shellfish production as it is expected that this
mariculture has the lowest environmental impact (mainly because feeding is not needed and
because they do not need antibiotics).

With respect to environmentaimpacts of aquaculture, all sectors are concerned with
contaminants fromdifferent sources (i.e. antibioticanaestheticseutrophication, organic, excess of
food, pelagic contamination, detritus, discharges) (70% of respondents) and the possible negative
effects of potential invasive species (escapes and native fauna displacement) (40% of respondents).
Sanitary problems, involving parasites and diseases (i.e. introduction or appearance of shellfish
diseases and the impact on native, wild species and comitres), have also been cited by two
sectors (Research and Conservation) (30% of respondents).

There is a total agreement between both respondent sectors (Promoters and Administration)
about the most limiting environmental factors when initiating an aquace activity: the species
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selected, prevailing oceameteorological conditions, and the connection witie natural population
in the context of potential disease vectors.

4.5.4. Aquaculture and other uses/sectors

There is no general agreement about the sesfimterests that are in conflict/competwith
aquaculture in the Basque coast. Only Promotersthnde from theAdministration identified
fishing as one use that could be negatively affected by the closure ofia siten for aquaculture
production.Research is the only sector which did not identify any negative perception regarding
conflicts of use.

The four sectors (Research, Conservation, Promoters and Administration) agree that there is a
positive public perception of aquaculture.

4.5.5. Aquaculture and socioeconomics

Although the majority of the sectors think aquaculture can be an attractive ventites)
reasons against it were high maintenance costs (Conservation) and high costs (ReShagszh).
responsible for anservation do not consider aquaculuas a necessary activity.

There is general agreement that current infrastructure, services and Iagataghe Basque
coast are sufficient to allow this kind of activity, but there is disagreement with regards to a lack of
residues ollection facilites in ports (Administration).

G1 AIK AYAOGALIE Ay@SadyYSydaéd IyR aal N SG Nmxalas¢
aspects when initiating and developing an aquaculture activity (80% of respondents). As mentioned
before, this could be related to thergduction technology used (not new) and the cultivated species
(mussels), which has a very low market price.

Other indirect aspects such as the recovery of fishing grounds apdpelation were mentioned
as positive aspects of aquaculture.

4.5.6. Aquaculture and other items

The most commonly used tools are GIS, followed by remote sensing and maps.

A limited number of stakeholders use public data sources (or websites) to gather information
related to aquaculture zoning. This could be due tack of awarenessf the existence and
accessibility of these sources, they may not be familiar with using these sources, or they may think
that can get enough information from other sources.

Acknowledginghis knowledge gap, most of the stakeholders showadhterest in aquiring
training on these tools. The remaining 40% of respondents are possibly not interested in these tools,
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do not consider them useful or necessary for their activity, or have enough knowledge and do not
need more training.

4.5.7. Assessment of tools for agquaculture development in open

water

During the second workshop the tools developed in AquaSpace were presented and another
round of questionnaires were distributed (Figu8). The concepts behind the tools and examples of
their applicabilitywere preseried in order to gathestakeholderopinions. The tools presented were:
the AquaSpace toothe WATER tool and the Investor Appealing Index.

Distributed (16) Questionnaires (16)

Administration

6 Answered
Education
B Research 10 Not answered
H Promoters
Answered (10) Not answered (6)
Administration Administration
4 Education Education
B Research Hm Research

B Promoters B Promoters

2

Figure4.3. Participation of the stakeholders in the questionnaires distributed at tHev@rkshop
in the Basque Country.

Stakeholders found the tools to be very useful. Furthermore, they agreed that the main aspects
related to the selection of areas for the establishment and development of aquaculture, were
considered in the tools developed in the AquaSpawgget. However, some of the stakeholders
noted that theconflicts of useand direct and indirect socieconomic consequences were not
considered, while spatial planning and ecosystem services were considered partially 4Eyure
Approximately, 67% otakeholders showed interest in using these tools. In relation to the usability
of these tools, stakeholders found that they are difficult to use because advanced computer skills are
required. When astd about new functionalities that could be interestingy them or the main field
for tool applications, some main points raised weretqiyupportsectoral planning (fishing
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aquaculturegoods traffic..); (ii) thebility of the tools to be utilised bstudents and future planners
with different abilities; (i) future developments in environmental monitoring and protection; (iv)
need to incorporate continental aquaculture; (v) need to develop toolshetraceabilityof
aquaculture products; (vi) further development of functionalities for environmentalsssaent; (v)
more indepth coverage ofociceconomic aspects (aquaculture vs other sectors) would be useful;
and (vi) they should be more simple, user friendly and \vabed.

Are the main aspect related to selection of
places for establishment and development of

D)
Are usefull the exposed tools? aquaculture activity considered?

Very useful

Useful Yes, all
®m Moderately useful Partially
® No useful B No, any

Are the tools difficult/complicated to use? Interested in using them?

Yes
Moderately
m No

Yes

Figure4.4. Questions and answers collectddringthe 2" workshop with sakeholders

4.5.8. Other relevant aspects

Municipalities and associations of Ondarroa and Lekeitio, have expressed their interest in
benefiting from the socioeconomic impaaif the resulting activity. The success of this activity may
involve:

(i.) Improvementin the quality of life for the collective of Basque fisheries sector;
(ii.) Increase in the volume of locally produced food prodweith designation of origin;
(iii.) Reduction and/or diversification of fishing effort;

(iv.) Attracting investment and business by the aquaatdt industry, generating the overall
economy and employment for coastal areas;

(v.) Attraction of investment and strengthening of innovation; and

(vi.) Increase in aquaculture professional capacitation.
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4.6. Application of tools

The aforementioned tools were implementéan ongoing process of identification and
assessment of development opportunities of open sea aquaculture in the Cantabrian sea. The first
step in this process, was the performance of a ratritieria analysis for suitable site identification
using a G platform. Apart from this, development of the Bayesian Belief Network was started in
order to assess the conflicts between aquaculture activity and fisheries, to try and identify relocation
opportunities for fishermen. Finally, the specifically developggaSpace tool was implemented in
the case study. This tool was used to assess the cost and benefit of different aquaculture options.
Two different analysis were performed:

a) Intersectorial:

The offshore aquaculture as a new activity in the study area.
Interactions and conflicts of the use of space by artisanal fisheries (mainly)

b) Economic:

A general economic view of the aquaculture activity is presented according to future productivity
and market expectations, (due to the lack of a current aquaculture inglirs place). This specific
view is conducted in two steps whitdescribed in detail in the Aquaspace Tool manual (Deliverable
3.2). First, a quantitative potential assessment of the economic performance of aquaculture activity
in the Basque Country rovided, by considering the current pilot productidrodo so, a baseline
scenario isised, wherehe average annual production at the end of year 5 will reach around 36
tonnesha?, with a total number of 48 longlines producing #@nes This produdbn is adopted for
the purpose of carrying out an econongissessmentOther potential alternative scenarios for which
different endogenous factors (e.g. a different allocation of the production parcels) could be
considered, will allow production to reaetbout 4560tonnes la?. The contribution of the
aquaculture site to the economy is then assessed in ternesusfingsbefore paying expenses, that
is, the revenue (prices*quantitytonneg and added value (revenues minus intermediate/operating
expensesgch as fuel and feeding costs, among others) variables. In particular, for a total revenue of
€1 ha! - taking firstsales prices around n dkgmg an added valu¢ax (added value/revenues) of
0.65 is obtained, being the profitability tax (profits/reves) 0f0.25. Secondly, in addition to the
already shown aquaculture economic performance, the aquaculture economic effectiveness is also
analysed with the idea of providing an assessment of the extent to which the specific economic
objectives set for thiactivity are achieved. The effectiveness is measbieasing the secalled
aquaculture attractiveness through Return on Fixed Tangible Assets (ROFTA), that is, the return on
the aquaculture investment measures as the following ration: ROFTA = Beneéstfimant value.
This value for the pilot production is around 0.09%.

Aquacultureactivity in the Basque Country was initially promoted with the idea of contributing
to diversifcation ofthe smaliscale fishing activity (SS#pngthe coastline. Under tlsiframework, it
is important to state that positive economic results from aquaculture activity will be added to the SSF
revenues to get the total revenue from both activities. However, if the diversification is not
introduced then, it is important to moviato an additional concept, that is, the opportunity cost. The
potential revenue that is forfeited by not developing an alternative (to the aquaculture activity)
maritime use is called the opportunity cost. It could be expressed as the difference betineen t
revenue resulting from the alternative use and that from the aquaculture activity.

Given that it is difficult to identify an alternative activity for an aquaculture investor, it is usually
considered as the idea of investing money in other financi@lities, therefore, the Annual
Equivalent Return of a potential investment, (AERSk-free or not- could be established for
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comparative purposes. In particular, given the estimated ROFTA the opportunity cost will be 0.03% if
the adopted investment AERaches 0.06%.

Finally, the economic impact (induced direct and indirect impacts) of the aquaculture production
on the rest of the local economy is assessed by usingéheralinput-output modelfor Spain. Each
revenue ofel from aquaculture will generate an increasecdf94 euro on the total economy.

4.6.1. Output from AgquaSpace Tool

The main outcomes from the experience during the development, testing and implementation of
the AquaSpace tool, were then transferred into a SVa@alysis

The main aspects that open sea aquaculture is facing in this case study are related to constraints
imposed by environmental conditions (waves exposure and production capacity) and conflicts with
other users. Tools implemented in the case studyehdemonstrated their usability when tackling
such issues but have also shown weaknesses and the new functionalities that are needed.

Higher spatial and temporal resolution environmental parameters data are critical for a precise
site identification andcharacterisation. Availability of good quality data, would make a difference
when running existing tools and methods. This means that the outcomes produced by existing tools
would be much betteif good input datavas availableThis in turn, would helfo identify suitable
areas for the establishment of new aquaculture infrastructures, as well as more reliable production
capacity estimations. This would reduce uncertainty in the assessment of aquaculture viability and as
a consequence, promote interest froindustry and investors. At the same time, reliable estimations
of production capacity would also help tragé analysis between aquaculture and existing activities.
An objective assessment would be very useful for mangers and decision makers.

4.7. Relevanceof the case study within Aquaspace

The submerged longline culture method studied in this case study, is the only method for
shellfish aguaculture in offshore conditions for now. This culture method could be used for algae or
other species of commerciaiterest. The main interest is that open sea shellfish aquaculture has not
been developed in the region (Cantabrian sea), and the aquaculture testing site in the Basque
Country, is the first experience at regional level. Thus, the outcomes from this cayensti lead to
defining proposals focused on some local aspects (i.e. socioeconomics, spatial planning, regulation,
user conflicts, ecological tools, etc.) of high relevance and clearly related to theftextive and
profitable development of aquaculte in the open ocean waters of the Bay of Biscay.
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Table4.2. Strengths, Weaknesses, Opportunities and Threats identified when developing and

implementing the AquaSpace tool.

D4.2

Strengths
Interactive

Multi-criteria: considers and integrates policy,
management, environmental, technical and
social aspects in an integrative way

Reporting and graphical demonstration of
results

Performs economic assessment and impact
analysis

It provides basic information to run analysis at
European scale (i.e. the user carform initial
analysis without any extra information).

Gives added value to publicly available
information layers (EMODnet)

{ OSY I NXA 2 &\ T ¢/ R2 LAWK yiA
Good visualisation capability

Modular. More functionalities could be added

Weaknesses

Needs advanced GIS (ArcGIS) skills during
installation

Need basic GIS skills to run the analysis

Local data integration is complex (requires
advanced user skills)

Fixed mapping scale (1 Bm

The analysis resolution is too broad for loca
analysis

Aquaculture species suitability is binary and
should be gradational.

Long processing time

Lack of data for some of the environmental
parameters

Need for aquaculture specific information

Limited economic data provided by statisticd
institutes to assess the econoerimpacts on

Promotion of workshops in which the tool coulg
be usedwith open discussions

Implementation of the tool in web servers
Get users inputs to feeihto the tool

Installation package (s#er and automatic
installation of the tool)

Database structure is defined and the user carn
improve the results by adding higher
resolution/reliability input data

Background layer improvement by users

Creation of a user platform

Free the economy
Market assessment is not included
Opportunities Threats

Licene cost for ArcGIS

Competition with other site selectiotools
which have better background data

Long term financial and technical stability

Limited technical support
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Better information will bepublically available

Improvement in suitability map®r aquaculture
species

Different mapping options
Development of new functionalities

Development of the tool for free GIS software

4.8. Conclusions and future prospects

If Blue Growth is fully implemented and Blue Economies are to be promoted, aquaculture is one
of the activites that is expected to grow significantly. This situation, as well as the expected increase
and establishment of new activities, and at the same time the acknowledged need to restore and
maintain good environmental status of marine ecosystems to keep theafthy and productiveand
claim for better MSPIn turn, this requires better scientific knowledge on ecosystem functioning
which could be transferred into reliable ecosystem models to be implemented into management
tools. New tools developed under thisncept should be integrative and consider the environmental,
political, social and economic aspects equally.
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5. BEKES COUNTY CASE®IY, HUNGARY

Eva Kerepeczki (NARIGHKH), Béla Halakiovacs (BHG), LaszI6 Bétagy (NARIC HAKI), Janos
Korosparti (NARIC OVKH)S NBH ! (NARIC HARIBabor AndraiNARIC OVKBéter Paléasti
(NARIC HAKI)

5.1. General characteristics

Regulation ofreshwater aquaculture has major linksthe Water Framework Directive (WFD),
the Habitas Directive and BirsIDirective. Since the main goaltbe WFD(reaclingand maintairng
good ecological status of water bodjds not applicable tonan-made round dam fishpondavhere
hypertrophic condions are required for efficient production of natural food organisitisey have
not beenincorporatedinto WFD legislation and watershed management pkince 2015The Birds
and Habitats Directives resulted ina network of Natura 2000 sites to protechatural habitats and
wild species. In Békés county 31 sitesering an aa of morethan 80,000 hectaress designatedas
Natura2000sites(14.4% of the total county area) amongeim Biharugra Fishponds. However,
designation as a Natura 2000 site do®$ poseany management restrictions or duties farms.

Deriving from the traditionally extensive or semiensive characteristics of Central and Eastern
European pond aquaculture practices, fm@ssureaquaculture exerts on the environmeistoften
smal. Under extensive conditions the fish ponds are reported to even decrease the excessive
nutrient content of the inflow water in some cases. Semi intem$ish ponds, if managed properly
provide continuous natural feed sources to the fish. Howethar low intensity of these mctices
supports lower yieldsmaverage compared to intensive practices, the aquatic ecosystems of fish
ponds provide a substantial (BD%) natural growtlof the cultivated fish species (omnivores) in this
seminatural state. In ddition to the natural feed sources, a watlanaged fish pond readily utilises
low protein supplements (e.g. ceragtains and manure) and transform those nutrients into natural
feed sources through the food chain, further boosting the productivity ofpiied. The utilisation of
different natural feed sources provided by the pond is often further facilitated by polyculture
settings, using commercial fish speorgth different feeding habits. The production intensity of this
near natural state fits very Wewith the carrying capacity of the environment and requires
infrequentremediation (weed harvestg, sediment removal, liming etcJhe ecosystems of these
ponds often provide rich habitats for wild animals and strengthen many other ecosystem services
besides the provision of fish. Integrated practices are gaining popularity, however these are often the
result of local cooperation, instead fifrward planning.Integrated watershed management is the
next required step in the context of EAA (Sot@bP008) which should be implemented in Hungary
and in Eastern Europe.
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5.1.1. Geographical characteristics of Békés county and

Biharugra Fishponds

The ponds of Biharugra Fish Farm Ltd. are : —— 1
located in the Eastern part of Hungary, in Békés ; 4 J
county, next to the Bmanian border. The pondse

in the vicinity of the settlements of Biharugra,
Zsadany anéeszt (Figuré.1l). Thearea is part of

the microregion called KiSarrét. The region has
typically high wateretention capabilities. The
landscape bears the marké rivers, the peripheral
areas show higher grounds of sediment origin, whil
the central areas are lower and valisiaped. In the
19th century river regulation ithe Kords valley
resulted in the drainage of the original wetlands ant
marshlands. Thpreviouslyinundated or frequently
flooded areas became dry and this brought about
increasedsoil salinity. Parallel to the drying, in the
lowlands where water remained in the form of
excess water, large areas had low agricultural valut
As a result, the mofled natural habitat became
suitable for the establishment of fishpondghe
ponds were costructed between 1917 and 1960.

N
0 2000 4000 8 000 Meters
A N G I S |

The Biharugra Fishponds are in tegparate areas, 2 FJ —_—

the Biharugra Fishponds and the Begécs Fishpond: Figure 5.1. Geographical location of the
The total area covered by the pds is nearly 2,000 Biharugra Fishponds
ha.

5.1.2. Ecological features

The wildlife was heavily affected by the altered water regime of the territory. The once unique
and interconnected ecosystem is now becoming more fragmented and some habitats have vanished.
Recently reeds, bulsh and other rushes typically accustomed to marshes can only be found in the
lower lands, fishponds and in the reconstructed wetlands, which serve natural conservation roles. As
part of the original vegetation saline grasslands and loess steppes stifl significant areas. The
pondweed, reeds and bulrush are part of the original aguatit semiaquatic vegetation in the
FNBFa 2F . AKFNHANI T DSal (3 wal RIayebis richyhdwvewelte! 381+ y d
habitats show mosaic complexes. The Carpathian endemic species are highly important. Because of
the near Apuseni Mountag) submountainous species can also be observed.

The construction of Begécs and Biharugra fishponds on one hand resulted in the disappearance
of valuable marshy and saline habitats, on the other hand the water management of ponds created
refuges for the aiginal wildlife of KisSarrét. The specific environmental conditions provided by the
ponds and the pond farming technology create refuges for the aquatic andaspratic wildlife in
the otherwise dried out region. Furthermore, these ponds serve as stggtones maintaining
connections between populations of different wild species. The large water surface is beneficial for
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the microclimate and water management of the area, however their importance to maintain wildlife
is even higher. Among the taxa suptsat by these conditions and activities, the waterfow!

population is the most significant. Around 200 bird species frequently visit the pond areas, which
serve as important nesting and feeding habitat for them (Fig2g Besides the avian fauna, the
fishponds provide habitats for otteiL(itra lutrg), reptilian and amphibian species. Another important
aspect of wildlife is the protected and vulnerable fish species characteristic of the fishponds or in the
water courses feeding the pondshdinvertebrate pecies of dragonflies and damselfli€dpnatg

are also frequently found in the area. The natural environment of Biharugra fishponds is of
international importance, it is listed as an area of international wetland importance under the
Ramsar Convention agell as subject to national legal protection. Imposing protection of fishponds
serves the explicit purpose of conservation of largely extended wetlands.

The natural value associated with the fishponds is strongly linked to the proper management.
The fishpnd ecosystem is artificially maintained with high fish biomass, with the aim of transforming
most of the added nutrients into fish biomass, which is then removed from the system at hakaest.
important feature of this ecosystem is the high density ohtanic organisms, which rely on the
easily accessible nutrients in water. This state is primarily maintained by the fish stock, the additional
management (e.g. weed cutting, manuring) is only used to keep the fundamental conditions.

ing places in Begé

[ BHG's ponds
W =-E [ | other owners’ ponds
| 7 I HUKM20019 Dél-Bihari Szikesek SCI
S [__] HUKM10002 Kis-S&rrét SPA
@ Nesting place

o 250 500 1000 Meters
S S T T )

Figure5.2. Locaton of fishponds and important nesting sites in Begiésigponds
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Consequently, the management of stocking material and quantity is crucial in pond production.
The higher nutrient input in fishponds leads to enlarged populations at every trophic leve of th
pond, meaning that fishponds provide habitats to more organisms than it would under natural
conditions. Another important aspect of fishponds is the schedule of annual filling and drainage. The
delays between fishing procedures result in the coexistafcarious habitats (aquatic, semi
aquatic, terrestrial) and in this way, support a complex habitat structure. The size of the pond system
significantly relates to its role in sustaining natural values (H&agécs 2012).

5.1.3. Socio-economic context

Békéscounty (Figures.3) has the seventh largest area (5,630°k6%) of the 19 counties of
Hungary, it has a population of 351,148 (2015) and is rank&dniterms of county population. The
majority of the population (75%) live in towns but the economy$s lgeveloped, its GDP per capita
expressed in purchasing power standard is only 38% of the EU average (2013). Its economy is based
on the service sector, industry and the agriculture. Békés has important levels of employment in
agriculture (10%) includingguaculture.

Based on the disadvantaged geographical location, poor infrastructural conditions and the
unfavourable situation of the local economy, the county is not attractive to new investments. The
settlements around the fish farm (Biharugra, Korosnagghny, Geszt, Zsadany, Okany) primarily
depend on agricultural activities. The number of registered companies in this area is generally low.
Unemployment is very high (3@%) in the region and emigration is continuous. The population
shifted to the olderages and half of the registered unemployed people have finished primary school
or lower. The underdeveloped areas struggle to create new job opportunities and the quality of life is
generally degrading (Puskas and Hakasiacs 2012).

-
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Figure5.3. Map ofBékés County
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5.2. Spatial planning and management issues

The total operating pond area in Békés is 2010 ha representing 8% of the Hungarian pond areas
(2014). The main pond system is situated in the surroundings of the viif&jbarugra, which with
an area ofLl927 ha is the second largest fish pond system in Hungary.

The major species produced in Békés is common &ypr{nus carpip followed by the intensive
tank-based production of African catfisBlarias gariepinys Other carp species (silvgrass,
bighead carp) and carnivores (European catfish, pikeperch, pike) are cultured in smaller quantities.

Although the production intensity of fish ponds is generally low and there are cases when
aquaculture removes the surplus nutrierftom the watr, issues with environmental policies do
exist. The effluent water from fish pontashigherlevels of suspended sofdnd organic matter
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andhas the potentihto harm the natural recipient water bodie$he barrage dam ponds similarly

alter the downsteam section of the rivers. Aquaculture also contributes to the invasion of non

native fish species and can possibly result in conflicts with natural protection agencies. Furthermore,
nature conservation glicies and protection of watéowl often result inconflicts with pond fish
production, as predatory animals are commonly responsible for losses in fish yield. This issue is a
frequently recurring problem and is of high importance. Compensation from the governments in
Central Europe is generally low orufficient, or predator specific, ignivg other predators. In
Hungarysuch compensation is lacking.

Whilst thecase study fociesson pond culture, the share of intensive prodien of African
catfish and sturgeomdicates the growing importance of thisggaent and the potential of the
intensification of fish production based on ample volume of water resources and the-lkoaw
available in the county. The integration of tanised and extensive pond systems enables a
sustainable wayo further develop aquaaclture in the region.

Table 5.1 Aquaculture production, Békés county 2014

Extensive pond culture Intensive tankbased culture
Common | _. Grass African .
Silver carp . Sturgeon Caviar
carp carp catfish

Produced fish (tons) 957 155 51 695 8.7 0.64

% of Hungrian

production 9.3 11 10 32 18 96

Trends in freshwater pond culture are moving towards sustainable intensification and more
structured production technologies, like poikpond method, are spreading.

5.2.1. National and EU policy (summary of multi -annual strategic

plans)

EUMember Statespecific strategies had to be developed in line with the national challenges and
opportunities with a focus upon improving environmental sustainabilftthe aquaculture sector;
and there is considerable emphasis on ennimental services provided by aquaculture sites. The
Hungarianongterm strategy nvolvesa plan for:

1 maintaining the current pond area for extensive aquaculture and strengthening its ecological
functions (habitat provision, microclimatic effects, landseéprmation),
1 modernisation of existing production units (development of new technologies),
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9 diversification of the aquaculture sector in terms of produced species (with high market
potential) and activities (muHiunctionality, angling, ecotourism),

1 knowledge transfer and exchange of best practices at the national level and also between
Member States,

f development ofthe posK I NS & @I f dzS OKIFIAY IyR 0622adGdAy3
freshwater products.

Thus, spatial expansion of pond aquacultirenvisaged to a limited extent by the national
aquaculture strategy, and low financial incentives are available to build new ponds.

5.3. Stakeholder engagement and participation

13 STAKEHOLDER WORKSHOP
13 January 2016 Biharugra, Békés County, Hungary

Theworkshop was jointly organised by the Biharugra Fishfarm Ltd, the Research Institute for
Fisheries and Aquaculture (NARIC HAKI) and the Research Department of Irrigation and Water
Management (NARIC OVKI). The venue was the Birdwatch Centre of theviédogsNational Park
near to Biharugra Fishponds which enabled the participation of local stakeholders. The aim of the
Hungarian workshop was to discuss the main issues of pond based freshwater aquaculture with all
the relevant stakeholder groups, producerstional aquaculture associations, researchers,
academics, national parks, NGOs, water authorities, environmental agencies and decision makers
from local and national level There were 55 participant the workshop.

The stakeholder presentatiora the workshop simmarised the future prospectfor pond
aquaculture. Delegates from relevant sectaradepresentations and commented on the
relationship between pond farming, water management, nature conservation and environmental
issues.

List of participantst the 1st AquaSpace stakeholder workshop in Hungary (invited speakers in
bold)

Industry (companies):

1 Borbala Benkhard
2 Béla HalasKovacs

Biharugra Fish Farm
3 Nandor Puskas
4 Attila Sebestyén
5 Istvan Danko Aranykérasz (fish farm)
6 Szilard Csba Agropoint (fish farm)
7 Csaba Kakuk i-Cell Mobilsoft (fish farm)
8 Mété Katics CzikkHalas (fish farm)
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9 Ferenc Lévai
Aranyponty (fish farm)
10 Zsolt Jaberits
11 Janos Sztané Szegedfish (fish farm)
12 Ladoty {1 £0
Hungarian Aquaculture Association
13 Laszlo Véaradi (PhD)
Management:
14 PYYEYENRIE
Inspectorate for Environmental Protection and
15 lldiké Kopcsékné Lakatos Nature Conservation (Government Office of the city of
Gyula)environmental authority
16 Magdolna Liptak
17 Méaté Kurucz
Ko6ros Valley District Water Directorate
18 Janos Szabd6
19 Péter Lengyel Ministry of Agriculture
20 Agnes Tahy General Directorate of Water Management
21 llona Vigh Municipality of Biharugra
22 Aniko Juhaszne Mari Korosi Vizgazdalkodasi Tarsutaanagement of
>3 water infrastructure
Attila Szanté
Other sectors:
24 Péter Banfi
25 Istvan Bird
KoérosMaros National Park
26 Attila Terhes
27 Laszl6 Tirjak
28 Péter Szinai Balatonfelvidéki Naional Park
29 Attila Krall
30 Denes Nagy Hungarian Ornithological and Nature Conservation
31 Péter Toth Society (civil sector)
32 Wtyz2a ¢! 388
33 Béla Kelemen Geosafe Kornyezetgazdalkodasi Mérnoki Iroda (S|
34 on environmental consulting)
Laszl6 Bzsa
Academic sector:
35 Gabor Andrasi (PhD)
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36 Laszl6 Ardo (PhD)
37 Laszl6 Beralagy
38 Emese Bozanné Békefi
39 Gyongyvér Fazekas
40 DSNE! D&l f?2
41 Déra Gro6 (PhD)
— . NARIC (National Agricultural Research and
42 Maté Havasi (PhD) Innovation Centre), HAKI (Research Institute for Fishe
43 Zsigmond Jeney (PhD) aud Aquaculture) and OVKI (Research Department of
Irrigation and Water Management)
44 Eva Kerepeczki (PhD)
45 Gyula Kovacs
46 Janos Korosparti
47 Neetu Shahi
48 Flérian Toth
49 Zou Zhiying
50 Zoltéan Bokor (PhD)
51 Bakzs Duray (PhD)
Szent Istvan University
52 Fruzsina Toth
53 Béla Urbanyi (PhD)
54 Ménika Bojtarné
Lukacsik Research Institute of Agricultural Economics
55 Agnes Harovits

The sakeholder workshop wagiewedas an important milestone in the consultation process
among therepresentatives of different sectors (industry, authorities, national park, NGO,
academic institutes, local and national decisioakers) involved in aquaculturlateractive
dialogue and joint problem solving is not commonly used in Hungary and EastepeEthus
the goal of the workshop to gather different stakeholders and discuss current constrains was a
breakthrough activity and was accepted very positively. The continuation of the consultation and
seekinga joint solution for the concernglentifiedis a significantievelopment insupporing the
aguaculture sector.

2"d STAKEHOLDER WORKSHOP
4 May 2017 Szarvas, Békés County, Hungary

The 2nd workshop was a continuation of the 1st Aquaspace stakeholder workshop and
aimed to collect feedback on projeasults and case study implementation. The venue was the
conference facility of NARIC HAKI. 27 representatives from the Agricultural Ministry Angling and
Fisheries Department, General Directorate of Water ManagementHAA Hungarian
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Aquaculture and Fishms Interbranch Organisation Hungarian Ornithological and Nature
Conservation Society and several fish farms, research institutes participated in the meeting. Tools
and methods used in the Case study were presented including i)-laydti GIS mapping for

selection of suitable aquaculture sites, ii) biophysical and sadioiral valuation of ecosystem
services which will be further developed into an integrated method and iii) es®ral

stakeholder consultation on constraints to the development of dig@iaculture industry. Finally,
invited speakers contributed to present project results, give feedback and opinions on suggested
tools and topics.

List of participantat the 2nd AquaSpace stakeholder workshop in Hungary (invited speakers
in bold)

Industry (companies):

1 Béla Halaskovacs Biharugra Fish Farm

5 MA-HAL, Hungarian Aquaculture and Fisheries
Bence Sziraki Association

3 Istvan Danké Aranykarasz (fish farm)

4 Istvan Darazs Fishfarm of Kiskore

5 MA-HAL, Hungarian Aquacuit and Fisheries
Istvan Németh (PhD) Association

6 Janos Sztané Szegedfish (fish farm)

7 Maté Katics CzikkHalas (fish farm)

8 Tibor Miiller Szarvad-ish Ltd. (fish farm)

9 Zoltan Rozgonyi Munka Agricultural Ltd.

Management:
10 Gabor Csorgits Ministry of Agriculture
11 Gabor Kolossvary General Directorate of Water Management
Other sectors:

12 Laszlo Tirjak KoérosMaros National Park

13 Hungarian Ornithological and Nature Conservation
Péter Téth Society (civil sector)

14 Gyorgy Hajtun LINsaazxz al 3élNJalsl! 3rl RI

Academic sector:

15 Attila Mozsér (PhD)

16 NARIC (National Agricultural Research and Innovati
Laszl6 Beralagy Centre), HAKI (Research Institute for Fisheries and

17 . Aquaculture) and OVKI (Research Department of Irrigati
Emese Bozanné Békefi and Water Management)

18 DSNH! D&l 3
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19 Déra Gro6 (PhD)

20 Zsuzsanna Sandor
Jakabné (PhD)

21 Eva Kerepeczki (PhD)

22 Péter Palésti

23 Janos Korosparti

24 Gyorgy Kerezsi

25 Csaba Bozan

26 Monika Bojtarné
Lukacsik Research Institute of Agrittural Economics

27 Agnes Irma Gyorgy
(PhD)

The workshop was characterised by a constructive atmosphere and participants shared their
insights, ideas, problems and supported recommendations from each other. A short questionnaire
was completed by theteendants and all of them supported future cresectoral dialogue beyond
the AquaSpace project lifetime. Suggested future topics were: legal inconsistencies, water
management issues, promotion/marketing of fish consumption, traceability of fish products,
processing possibilities, conservation of natural values.

5.4. Tools used in the case study

5.4.1. Multi -layer GIS mapping and databases

GIS is aappropriatetoolkit for spatial planning and site selection through the integration of
numerous layers, like soil proges (chemical, physical, soil structure), relief features (for the
engineering planning tasks), the amount and quality of the available water for irrigation as well as
availableinfrastructure conditions (canal and road system, electric power supply).

The suitable databases for planning and mappirgude land registy maps, settlement maps,
hydrological maps and data, national and regional statistics, open access maps and databases (e.g.
land cover database: CORINE). In national spatial plannindcaalbaisimportant dataset is the M:
1:10000 topographic map, the derived files from that map (e.g. determine the lowland @areas
paleochannelg for hydrological tasks with the Digital Terrain ModBITM); hydrological and water
use database of General Batorate of Water Management.
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5.4.2. Biophysical and socio-cultural valuation of ecosystem

services

Ecosystenservices relatedo semi-intensive fish ponds were identified by expert panel
discussionsindfollowed typology and classification of MEA (2005) dadsroot et al (2002)
methodology indicators selected dhe basis okxisting biodiversity data, production and water
chemistry parameters ahe Biharugra Fishponds case study sif& semistructured interviews
(Patton 2002) the importance of provisiog, regulating, supporting and cultural services were rated
by local inhabitants ifive villages in the vicinity dhe Biharugra Fishponds.

5.4.3. Stakeholder meetings

As a result ofhe 1stAquaSpacease study workshop it was recogeid that direct interations
viaface to face meetingare very beneficialn identifyingand discussg constrairts an pond fish
production and to gather specific inmfrom atargeted audience to solve problems and help
aquaculture development.hie Stakeholder meetings weregarded as a toavherebyseveral
stakeholder groups and sectors that are affected or interested in pond aquaculture can communicate
and share solutios,ideasandgood practices. Ae need b coorganisestakeholder meetings with
well-defined topics in théuture was suggested to Hungarian Aquaculture and Fisheries Association
at the 2" stakeholder workshop and the president of thesociation ensured his suppaet cortinue
stakeholder consultationmthe highlighted issues.

5.5. Case study results

5.5.1. Multi -layer GIS

Theterritory of Szarvas district, BEkés county (HU) imakided h the GIS site selection
mapping. On the initial map applied for the selection of the sisadle fish pondghe lakes and the
buffer zones surrounding them, as well as the settlaiseappeat(Figureb.4.). Different layers of the
zone map identify those areas where environmental factors, anthropogenic effects or legislation
preclude the construction of ponds:

- Digital Terrain Model (DTM) and derived thematic maps (elevation, reliehsity, closed
depressions, channel network base level),

- Lithology map (a complex index taking into consideration the depth and thickness of the
uppermost aquitard),

- Thematic soil mapunsuitable features for water managemeifigh clay content),

- Highlysensitive water protection areas,

- Nitrate Vulnerable Zones,

- Map of relative frequency of excess water,

- Complex Excess Water Hazard Infexcess water hazardous areéiBasztor et ak015)

- Nature conservation areas and thdiuffer zones, areas plannedrfprotection and areas of
green corridos, Natura2000sites
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- CORINEadnd Goverland use map,

- Areas in the regional development plan whiefil be developed for aguaculture purposes
- Sagnant waters (natural and artificial lakes, ponds),

- Groundwater protetion area

Digital Terrian Model
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Figure5.4. The most important individual layers combined in the mapping process

In the course of site selectipthe operation oflakes, current and planned influential linear
facilities,and natural and artificial drainage system&re taken into account. Important linear
facilities:

- river and canal network (major drainage structure canals, service canals),
- public road and dirroad network,
- linear facilities (electrical network, underground cable, pipeline),

Numerical, statistical and masured datavere used foiIGIS analysis. These data wardudedin
a comprehensive databasAttribute data used:
hydrography data (water regime, canal discharge),
database of hydraulic structure (cressction of flow, flowing speed),
database of freshwiar quality (biological oxygen demand, pollutant, etc.),
regional watershednanagement plan.

AGIS base mapascreated byoverlaying thedifferent layerswith each other(Figure5.5). In the
spatial planning documentation for the technical descriptidre map materials closely connect with
each other.
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Figure5.5. The GIS base map created by overlaying different geographical, hydrological

and land use layers

5.5.2. Valuation of ecosystem services

According to stakeholder feedbaekthe workshops and peonal communications the value of
ecosystem services provided by fish ponds is a highlighted topic among pond owners, governmental
officers and academic experts. This is a hew approach to identify and evaluate biogefiisland
fish production beyond ntietable values and to maintain ther@uring case study implementation,
the goal was to develop a biophysical assessment methaticouldbe conducted in other fish pond
systems as welldentified and validated ecosystem services provided by extensiveami
intensive fish pond include(following thetypology of de Groot et a2002):

Fish
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After identification of the ecosystem servicéise relevance for Biharugra Fishpawlere
validated and measurable indicators were assigned to ea¢B&§lofer and Schneigr 2015). After
checking the availability of datanly fiveservies could be considered (Table auad5.3).

Table5.2 Biophysical value of relevant case study ecosystem services (ES)

ES Indicator Unit 2011 2012 2013 2014 2015 2016
Fish yield, harvated fish kgly 440569 334935 666804 861349 839365 892593
biomass
kg/haly 698 530 831 1073 1046 1112
common carp yield kaly 256 191 268 163 517 012 658 372 578 975 657 920
ratio of common carp % 58% 80% 78% 76% 69% 74%
natural yield (above
calculated feed yield) kg/haly 628 785 579 162 606 963
Reed Area ha 150.6 150.6 150.6 150.6 150.6 150.6
Water .
retention water volume intake m3 635040 1131840 3589920 5797440 16351280 14477 641
water volume m? - 1400000 - 2295000 3002400 2 808000
discharge
Habitat O Of seminatural No 8 8 8 8 8 8
habitat types
ratio of nonpond o
seminatural habitats % of area
No of species of sum of 110 118 105 109 104 -
selected taxa* species no

*selected taxa:birds, reptiles, amphibian, otter, ermine

The mostsignificantchallenge was the poor availability of datasets, biodiversity data are very
limited since many taxa are not examined at all, or just sporadiciig/only detailed records about
birdsexist thanks to engaged ornithologists and NGO activities. Weather and climate data were not
accessible either. Ithe case of polluted rivers and cangise fishpondwerereported to decrease
nutrient content in the water column (Gal et al, 2016), heeedifferentresults are shown in Table
I, only the concentration of total inorganic nitrogen was lower in the outflow water than input
values.
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Table5.3. Comparison of input and output concentration values related to water quality
regulation

ES Indicator unit 2014 2015 2016

Water quality Input and output concentrations

regulation
Chemical oxygen demanolt mg/| 8.8 7.4 5.0
Chemical oxygen demand mg/l 44.3 35.1 42.3
Ammonium nitrogerin mg/| 0.073 0.060 0.116
Ammonium nitrogerout mg/l 0.352 0.186 0.100
Total inorganic nitrogerin mg/l 0.900 0.667 1.167
Total inorganic nitrogerout mg/l 0.395 0.313 0.230
Difference % -56% -53% -80%
Total nitrogenin mg/l 0.920 0.980 1.360
Total nitrogenout mg/l 1.308 1.500 1.303
Total phosphorousin mg/l 0.105 0.057 0.040
Total phosphorousut mg/l 0.202 0.181 0.172
Total suspended solids mg/l 18.3 23.0 9.0
Total suspended solidsut mg/l 30.4 37.4 40.8

To evaluate all ecosystem services provided by the Biharugra Fishponuiwalve local
inhabitants, a socieultural assessment was conducted. In five neighbouring villages 70 interviews
were conducted asking people about the importance of ecosystem services, they could give a value
between 1 and 5 to the listed ecosystem dees. According to the answers the services were ranked
andare shown in Figur®.6. The highest and maximum value was given in all settlements to the
Habitat service, presenting the high importance of wildlife and biodiversity for local inhabitants.

Theinterviews enabled communicabn with local people and explodetheir preferences and
highlighed the value of fishpond#® them. Interestinglymostinhabitantsrarely or nevewisit
fishpondsthoughthe youngr generation has the opportunity teisitthe ponds through school
activities.

The valuation efforts provida basis for the recognition of beneficial services of ser@nsive
fishponds and raise awareness of pond fish production and aquaculture products.

86



AquaSpace 633476

D4.2

Water quality reg

Craft materialg

I Artistic inspiratio

Microclimate reg

Habitat

[=)
o
2]

1,0 15 2,0 2,5
Importance

3,0 3,5 4,5 5,0

Figure5.6. Importance value given tive ecosystem services of Biharugra Fishponds

5.5.3. Stakeholder meetings

At the 2 stakeholder workshop thparticipantswere asked to recommend topics for future
crosssectoral meetings. They suggested broadening the invited groups and fawild&loguewith
authorities and decision makers. The outpuasa summary of the meeting with tangible solutions
and recommendations. The ressishowa significant number of issues as follows, showinghiigé
levels ofinterestin the discussions.

= =4 =4 4 -4 4 A a8 o oa oa o of
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5.6. Relevance of the case study within Aquaspace

The freshwater case study is different from mariculture cases in that:

1 The land and water resources are not shared be&mwaquaculture and other sectors
but privately owned by fish farmers based on market mechanism principles (pond
area is bought/rented and the amount of water utilised is paid for by the fish
farmers)

1 Being half way between fed and ndé&d aquaculture, carfarming can either
increase (such as cage farming) or decrease (such as mussel farming) the nutrient
content of waters, depending on the farm management

9 lts visual impact is not considered to be negative

1 The main interactions are with terrestrial sect@nsd not with marine sectors. Both
competitive and synergistic interactions exist. The main areas where
conflicts/synergies arise relate to water and land

1 The farming environment (pond) is a marade construct and not natural (such as
bays or estuaries inase of cage and mussel farming).

5.7. Conclusions and future prospects

Regarding the participation and perspectiwstakeholdersthey werevery active and farmers
were open to consult and share their opingon current and future needs and challendes
aquaculture AF G SNJ 6§ KS HYR 62NJ] aK2LJ I jdzl Odzt G dzZNB LINE RdzOS N
sectoral dialogue in critical issues and tirganisation is willing to continu¢his beyond theprojectQ a
duration. Thenext step is to establish and agraee future format and backgroundor consultation
workshops

AquaSpace provided new knowledge to the case shydgighlightinghe importance of
consultation and participatory processks different stakeholder groupfaceto face meetingy
and how tlesecan eliminate false assumptions and increase awareokaguaculture industry
efforts. AQuaspace also enabled the stakeholders to:

1 adoptthe EAA principls consider other sectors aspects and use a holistic ecosystem or
watershed approach

9 utilise exgerience in MSP and ICAbY freshwater development i.e. modelling approach,
its limitations and possibilities

1 integrate more databases and issues into one tool

1 show thatmulti-layer mapping is a suitable basis/methib@t canbe refined accordingp
stakelolder needs However specific datavere not available ordo not currentlyexist
(more detailed water resource data, other water user needs, predistlmsedupon
climate change scenarios)
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1 demonstrate that spatial planningan use more abundant datasets freshwater areas
few and very fragmented datare available (no open access, many adstiative
organisationsnvolved in data

Regardingmplementation or consideratioby managers or decisiemakersto adoptthe
approach and concepts developed iguaSpacét can be stated that

1 the conceps used inAguaSpacewere welcomed and appreciatedy stakeholders
0 a! lj dzI pravid€d Sthe only forum where ornithological organisat®ncan
O2YYdzyAOI GS gAGK FAAK Tl NISNEGOFgBRck)INSt | G SR

T Multi-layer GIS needs huge efforts and data collection/acquisition, to extend GIS tool to
national scale but would be useful to integrated watershed management and land use
planning

9 Valuation of ecosystem services at national level would also beflwéale lack of human,
institutional and financial resources, although could be used in economic compensation of
wetland and natural value maintenance

1 Sakeholder meeting: a cocreation tool of new solutions was also welcomed and
supported by all stakesiders

Regardinghe role of the outcomes from AquaSpace in the devalept of national spatial
planning it is concluded that there are the following needs

9 spatial planning for pond aquacultur&/FD watershed management is very general and
has lower reolution than is needed to plan aquaculture water use

I to enhance aquaculture development and expansion where suitable water resources are
and will be available

The benefits that can be derivélbm using spatial planning tools to address the nationaléss
are the implementation ofmore efficient land use and water use planning based on detailed and
integrated maps
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6. CARLINGFORD LOUGHKU

Adele Boyd, Matt Service, Heather Moore

6.1. General characteristics

Carlingford Lough is a sea lough at the mouth of the Newry (or Clanrye) River orstlveast of
Ireland, bordering both the Republic of Ireland (County Louth) and Northern Ireland (Counties Down
and Armagh) (Figur@.1)? The upper reaches of the Lough are shallow and dominated by fine muddy
sand and intertidal mudlats, whilst the seawal entrance to the Lough is a mixture of boulder,
cobble and bedrock forming numerous small islands and reefs (FBg)relrableb.1 gives a detailed
description of the Habitat types depicted in Fig6ra.

Ireland

Figure6.1: Location of Carlingford Lough

2 politically, the Republic of Ireland comprises of 26 counties whilst the remaining six counties form Northern Ireland,
currently one of the four jurisdictions of the United Kingdom.
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Figure6.2: Carlingford Lough Benthic sediment characteristics as taken from Mitchell and Service 2004. See Table 1 below fordesetapiizch of
the Habitat codes listed above.
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Table6.1: Description of the Habitat codes associated with the ma@aringford Lough benthic
sediment characteristics shown in Fig@2. Adapted from Mitchell and Service 2004.

Substrate
escription

Characterising fauna/flora

Energy
environment

Comments

Habitat
code

Flustra folaceg echinoderms,

mirabilis 6ea pens)Philine aperta.

sheltered

0 . .
>70% medium tall, often thick, hydrozoan and | Moderate Can include
MBf large boulders or bryozoan turf,Caryophyllia smithii, | ener sparse kelps
bedrock y ~-aryophy ’ ay 6wl St LI
Polymastiaspp.
>70% small
medium bouldgrs Short hylrozoans and bryozoar| Moderate Hgterogeneous
MRu and cobbles with turf. Antedon petasusophioroids | ener with patches of
interstitial gravel, ' P usop 9y larger boulders
pebbles and sand
Hydroid and bryozoan turf, inc
>70% pebbles Flustra_ foliaceaEchinoderms Homogeneous,
Asterias rubensdossaster Moderate
MCS.co | and/or cobbles on level and
papposusAntedon petasus, Balanu energy
sand and/or gravel compacted
spp.,Pomatocerospp. where
specified
>70% sand or Pagurusspp, qucarcmus ‘
. depurator, Pecten maximus, Asteri{ Moderate
MCS gravel, with some : , )
ebble rubens.Diatom fim common in | energy
P Church Bay.
Medium to Asterias rubens, Pagursgp.,
coarse sand, well | Liocarcinus depuratoworm casts Moderate to
S/Fine S| sorted and stable; and oftenZostera marinan fine low ener
fine sand where sand (e.g. East Antrim). Diatorfnfi oy
specified in sheltered areas.
Evidence of bioturbation
(Carcinus maenas, Goneplax
MS and rhomboides, Nephrops norvegicus
MS_burrows >70% muddy Calocaris macandreaghere
i . . Low energy
where sand specified) Liocarcinus depurator,
specified Pagurusspp, Buccinum undatum,
Amphiuraspp Diatom film in
sheltered areas.
MU >70% mud In Carlingford Loughirgularia | Low energy/
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Carlingford Lough is one of five sea Loughs located within nartlnish waters, all of which are
aquaculture production areas (Figuse3). There are two tranboundary Loughs, Carlingford Lough
and Lough Foyle. The operational border between Northern Ireland and the Republic of Ireland in
Carlingford Lough is shownkigure6.4 (it should be noted that at the time of writing the
international maritime boundary between Northern Ireland and the Republic of Ireland has not been
formally agreed or delimited). The de facto border in Carlingford is the navigation chanicél nrhs
down the middle of the Lough. The border between Northern Ireland and the Republic of Ireland in
Lough Foyle however, is not sasily defined and therefore there is currently no mechanism for
licensing aquaculture sites within this Lough. Theseaurrently 21 licensed aquaculture sites within
Belfast Lough, 14 in Carlingfdrdugh, 12 in Strangford Lough, and 4 in Larne Lough.

The AguaSpace project aims to apply the Ecosystem Approach to make more space for
Aquaculture. The Ecosystem ApproachAiguaculture (EAA) is a strategy which has been
summarised into six main steps (FAO and World Bank 2015). These steps and how this case study
relates to them are outlined below.

1) Scoping to understand broader issues:

Within the Carlingford Lough Case Stuthe Geographic Information System (GIS) ArcGIS
v10.3 has been exploited to enable us to build a comprehensive picture of the multiple
stakeholders involved within the area. Meetings have been carried out with various users to
highlight the main issuedfacting aquaculture development within Carlingford Lough.

2) Identification of opportunities and assessment of Risks:

Through this Case Study a demonstrator of the AkvaVis model has been developed for
Carlingford Lough. This demonstrator version of the madlews the user to identify areas
suitable for aquaculture production and applies a risk assessment scoring system (using
predetermined parameters) to the areas selected.

3) Carrying capacity:
Within the Carlingford Lough Case Study, the SMILE model basabelied to determine
both the ecological carrying capacity and the production carrying capacity of the study area.

4) Allocation of user/areas access:

This stage within the EAA process still needs to be addressed within Carlingford Lough. The
work undert&ken on this area within the AquaSpace project (such as the development of the
Carlingford Lough AkvaVis demonstrator model) will help progress towards this.

5) Development of management plans and 6) Monitoring of management plans:

These two stages of tHeAA process have yet to be undertaken within Carlingford Lough.
Utilising the Carlingford Lough GIS project and the SMILE carrying capacity model AFBI have
produced a cumulative impact assessment report for Carlingford Lough. This report, which
analysed e cumulative impacts of current aquaculture activities on the marine designated
features within Carlingford Lough, will be a vital component in the development of a
Management Plan for the area.
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Figure6.3: Map showing the location of the five Northelnsh Sea Loughs.
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Figure6.4: Map showing the operational border between Northern Ireland and Ireland within
the waters of Carlingford Lough.
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6.2. Spatial planning and management issues

6.2.1. Current Aquaculture Activities

Aquaculture within Carlingford Lougitcurs on licensed sites within both the intertidal and
subtidal areas of the Lough. Subtidal aquaculture involves the bottom culture of the blue mussel
Mytilus eduligFigure6.5), whilst intertidal aquaculture occurs predominantly in the form of off
bottom (trestle) culture of the Pacific oyst@rassostrea gigagigure6.6). M. edulisseed is dredged
from naturally settled wild seed mussel beds (outside Carlingford Lough) tHaidrento licensed
aquaculture beds within Carlingford Lough for on grmyvio harvestable size.

Figure6.6: A and C show oyster trestles on licensed aquaculture sites within Carlingford Lough. C
shows some examples Gfassostrea gigasultured in @rlingford Lough.

Aquaculture sites licensed for bottom culture of shellfish cover approximately 931 hectares of
the subtidal area of Carlingford Lough. Approximately 240.1 hectares of the intertidal area of the
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Lough is licensed for the off bottom (trés} culture of oysters (Figure 7). The total area of

Carlingford Lough (both intertidal and subtidal) is estimated to be approximately 4,890 hectares (as
calculated in ArcGIS V 10.3). Therefore, approximately 23.9% of the total area of the Lough is
licensal for aquaculture. However not all of these licensed sites are currently active and of those
sites that are active, not all of the licensed area is utilised.

- ‘ P NYT A T R ————
o T RLINGFORD) LOUGIT

T s

P S—
e w ot o o= ]

NORTHERN IREL AR D

e g e e
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Reproduced from Ordnance Surveyof Norham Iizland's dsta with e permission ofthe Contoller of Har Majesty's StonaryOfice, Crown copyight and database rights EMO208.2

Figure6.7: Map show licensed aquaculture sites within Carlingford Lough (areas outlined in
black).

There are currently fourteen licensed aquaculture sites on the Northern Ireland side of
Carlingford Lough (Figure 8). Of these sites one is licensed for the intertidal trestle culture of Pacific
oysters Crassostrea gigasfour are licensed for theniertidal trestle culture of Pacific oyster€ (
gigas and native oystergJstrea edulis three are licensed for the bottom culture of mussels
(Mytilus eduli$ and native oystergddstrea edulisand six are licensed for the bottom culture of
mussels . edulig. Although several sites are licensed for the bottom culture of native oysters
(Ostrea edulisrecords of exports of shellfish from Carlingford Lough aquaculture beds and imports
of shellfish onto licensed aquaculture sites in Carlingford Lougthéoperiod 2010 to 2015 show
only M. edulisandC. giga®eing produced within the Lough. These records also indicate that not all
of the sites licensed for aquaculture are actively producing shellfish, at present.

There are currently fortpne sites licased for shellfish aquaculture within the Republic of
Ireland side of Carlingford Lough (Figure 9). Information regarding activities and production at these
sites was obtained through interviews with the producers and through documents supplied by BIM,
in 2013. Records for 2068011 for shellfish production within the Irish area of Carlingford Lough
show only mussels and oysters being cultivated (BIM 2013).
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Figure6.8: Map showing the location and culture method used at the licensed aquaculture sites
within the Northern Irish area of Carlingford Lough.
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Figure6.9: Map showing the location and culture method used at the licensed aquaculture sites
within the Irish area of Carlingford Lough.
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6.2.2. Management Issues

As a transboundary water body, Carlingford Lglu has a range of regulatory and management
issues. These issues are confounded by the multiple uses of Carlingford Lough6 E@tirghlights
just some of these multiple uses of Carlingford Lough.

In the Northern Ireland area of Carlingford Lough, Brepartment of Agriculture, Environment
and Rural Affairs (DAERA), is responsible for the granting of fish culture licences, shellfish fishery
licences and marine fish fishery licences under the Fisheries Act (Northern Ireland) 1966. In the
Republic of Irkand area of Carlingford Lough, the Aquaculture and Foreshore Management Division
of the Department of Agriculture, Food and the Marine (DAFM) is responsible for aquaculture
licensing under the Fisheries (Amendment) Act, 1997.

6.2.3. Environmental Issues

One eample of the environmental issues occurring within Carlingford Lough is the spatial
conflict between Aquaculture and nature conservation. The areas of Carlingford Lough within
Northern Irelands jurisdiction have been designated as a Special Protectiari@®4) for breeding
Sandwich and Common Terns and overwintering {bmeding) Light Bellied Brent Geese under the
European Council Directive 2009/147/EC on the Conservation of wild birds (often referred to as the
Birds Directive). The Northern Irelancearof Carlingford Lough is also designated as an Area of
Special Scientific Interest (ASSI) under the Nature Conservation and Amenity Lands Order (Northern
Ireland) 1985. The Environment (Northern Ireland) Order 2002 contains measures to improve ASSI
management and protection. The Northern Ireland area of Carlingford Lough is also designated as an
Area of Outstanding Natural Beauty (AONB) (also designated under the Nature Conservation and
Amenity Lands Order (Northern Ireland) 1985) and a RAMSAR sites{gisaded under the
Convention on Wetlands of International Importance (also known as the Ramsar Convention)). An
area in the North Western region of Carlingford Lough has been proposed for designation as a
Marine Conservation Zone (MCZ) under the Maring @oastal Access Act (2009). Figufd shows
the location of all the above mentioned designated sites within the Northern Ireland areas of
Carlingford Lough.

On the 14 of January 2016 the then Department of the Environment opened a public
consultationon a proposed extension to the existing Carlingford Lough SPA boundary. The proposal
extends the site boundary to include marine areas within Carlingford Lough and the Irish Sea (Figure
6.12). No additional species were proposed at this time.
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Figure6.10: Maps highlighting just some of the multiple uses of Carlingford Lough. A). Shows, local wrecks, harbour facilities, eagtaaretas

within the Lough.
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Figure6.10 continued: B. Shows the location of licensed aquaculture sites and C). Shows the
location of all the conservation designated areas within Carlingford Lough.
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